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CHAPTER 1: INTRODUCTION TO GREEN ROOFS 
Introduction 
In 2008, 50% of Earth’s population resides in urban areas and has only risen since (People 
and possibilities, 2011). This immigration to urban areas is because these areas typically have 
greater levels of necessary services such as education and health care. Although cities offer 
many beneficial services for their inhabitants they are also the source of many environmental 
problems. The densities of impervious surface and pollution sources as well as the removal of 
natural habitat all lead to increased air and water pollution, public health concerns, climate 
change, and species loss in these areas. In an effort to mitigate these environmental problems, 
many cities are developing environmental action plans that lay out strategic solutions over both 
the short and long term. Some cities like Chicago and Toronto have already developed 
environmental task forces and sustainability plans that include both conventional and new 
environmental solutions like widespread green roof implementation. 
Green roofs are a form of sustainable infrastructure that provides a number of ecosystem 
services that counteract many urban environmental problems. Green roof implementation is a 
component of these plans because of the many ecosystem services green roofs provide. 
Ecosystem services from green roofs generally fall into three categories: stormwater 
management, climate regulation and biodiversity. Of these services, a green roofs ability to 
support diverse biological communities is the least studied and understood. Currently, green 
roof biodiversity research in North America is composed of just a few studies mostly adopted 
from European methods and findings. While this European based research is invaluable, North 
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American ecoregions, species and urban forms are different and diverse enough that 
completely new designs and methods may be needed to properly support biodiversity on green 
roofs.  
Urban planners and landscape architects already work with environmental systems through 
sustainable design and infrastructure such as porous pavement and bioretention swales (rain 
gardens) and understand that design and implementation of green roofs is a way to support 
biodiversity while meeting the goals of the client.  
This research assesses how birds use green roofs in Iowa as well as how green roof design 
attributes and landscape context attributes may affect bird diversity on these roofs. This 
research will add to green roof biodiversity data in North America and help guide future 
research.  
Background 
A green roof, vegetated roof, or ecoroof is a flat or sloped roof designed to support 
vegetation (Dvorak, 2010; Getter and Rowe, 2006; Cantor, 2008). Presently there are two main 
types of green roofs; intensive and extensive. Green roofs provide many benefits to both 
overall environmental function and human livelihood especially in urban areas. Current urban 
roof area estimates have been as high as 20% to 25% of total urban land cover within a city 
boundary in a study of eight major US cities (Getter and Rowe, 2006, Reducing Urban, 2013). 
This is a lot of empty area with little value other than sheltering their respective interiors. As 
the benefits of green roofs become more widely understood, their role in urban design will 
become an integral part of how cities mitigate the effects of urbanization. 
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History of green roofs 
Although rooftop gardens have existing in various forms for thousands of years, 
contemporary green roofs did not begin to take their current form until the start of the 20th 
century in Germany (Oberndorfer et al., 2007). These green roofs were initially designed as a 
way to prevent the spread of fire and protect roof materials from ultra-violet sun damage 
(Oberndorfer et al., 2007).  
The international focus on environmentalism in the late 1970’s brought green roofs to a 
new level of policy and design. Benefits of green roofs became a topic of research in 1975 when 
eight professional organizations formed a non-profit called the German Landscape Research, 
Development and Construction Society, abbreviated as FLL (Philippi, 2005), which dictates 
guidelines for green roofs in Germany. Research on green roof benefits from FLL did not 
become published until 1982 (Oberndorfer et al., 2007; Dvorak, 2010), and was only translated 
into English in 2002 (Philippi, 2005). 
  Green roofs started to become mainstream in North America in the late 1990’s and 
soon the movement began to create a standardize research dialogue. FLL created a set of 
modern standards and methods to build and study green roofs in Germany. Using this 
document as a model, North American universities and organizations are working on a set of 
similar guidelines for each of North Americas’ ecoregions, which classify and categorize regional 
climate, soils type and biotic variables, so regional green roof guidelines can maximize green 
roof performance (Dvorak, 2010). One such organization is Green Roofs for Healthy Cities 
(GRHC), an organization based in Toronto, has created a forum for designers and scientists in 
4 
 
North America so that a framework for design and implementation can meet regional climates 
and contexts.  
Green Roof Types 
Intensive Roofs 
 
Intensive green roofs have deeper substrates, more organic matter in their soil mixes, 
and are designed more for aesthetics than performance (Snodgrass, 2010). Intensive roofs get 
their names from their increased cost to implement and maintain (Snodgrass, 2010) needing 
more ‘intensive’ care (Getter and Rowe, 2006). Intensive green roofs are built with a deeper 
substrate, greater than six inches, which helps lessen the harsh cycles of desiccation and 
inundation that green roofs endure. As a result, a greater diversity of plants can survive on 
intensive roofs. Even so, exposure to wind and excessive heat from adjacent impervious 
surfaces makes any green roof a harsh environment. No matter the substrate depth, roof 
environments are harsher for plants than adjacent ground level areas (Snodgrass, 2010). 
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Extensive Roofs 
 
Extensive green roofs are thinner, more lightweight and the more practical green roof 
type. Extensive green roofs are a good option to minimize cost while still receiving ecological 
and structural benefits. Extensive green roofs are usually less than six inches deep and have 
coarser, mineral based soils designed to hold significant amounts of water during storm events. 
These thinner soils create harsh growing conditions, usually only suitable for plants used to thin 
rocky soil similar to cliff or alpine ecosystems. The preferred plants used in most extensive 
green roofs are Sedums spp., which are highly tolerant of drought, wind and temperature 
extremes (Cantor, 2008; Snodgrass, 2010). These roofs require minimal maintenance except in 
extreme weather situations and can be built on sloped roofs as well (Getter and Rowe 2006). 
Components of a Green Roof 
All green roofs share a set of layers, which perform certain functions. Depending on the 
type of green roof, there are typically eight layers. Starting from the top layer down these can 
be separated into:  
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1. The vegetation layer contains the plants and defines the roof in terms of the design and 
function. The vegetation binds the growing medium together preventing wind from carrying 
it away. The plant selection must be able to sustain lengthy periods of drought and then 
saturation, constant winds, direct sunlight and a shallow substrate.  
2. The growing medium layer is the most crucial to survival of the vegetation layer. The soil 
must be a special mix of both natural soil and engineered components which sustain plant 
needs, hold water while being lightweight, and remain structurally stable and permeable to 
allow nutrients, roots and water to pass through.  
3. The filter fabric layer is a layer that restricts fine soil particles from washing into other 
layers. It is typically made of a geotextile fabric, and prevents eroding and clogging (Cantor, 
2008). This layer is essentially a filter for water as it flows downward into the drainage layer. 
This layer is critical in that it must allow water movement through the layer but prevent soil 
movement.  
4. The drainage layer manages surface and subsurface drainage of stormwater. A number of 
different types of drainage methods exist and depend on the design specifications of the 
roof like soil media depth and local rainfall amounts. This layer allows drainage to occur 
without interruption or blockage.  
5. A root protection layer’s purpose is to halt root growth before it reaches architectural 
components where damage to the structure can occur. This layer can be combined with the 
waterproofing layer if the waterproofing layer is a root-proof material.  
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6. The insulation layer is an optional layer that regulates temperature exchange between the 
building interior and the collected roof water. As the green roof processes stormwater, 
interior temperatures can be drawn into the roof because of the heat differential.  
7. The waterproofing layer is a membrane that separates the green roof components from the 
roof deck of the building. This membrane sits just above the traditional roof components 
and comes in several forms, usually plastic PVC or rubber sheeting.  
8. The roof deck is the traditional roof layer that the green roof sits upon. Depending on the 
material and age of a retrofit roof, additional structural supports may be added or 
additional decking may be required.  
These green roof layers are all part of the current model, but new projects and materials 
may develop a greater spectrum of green roof design types and gradients (Cantor, 2008).  
Green Roof Benefits 
Green roofs provide three major types of environmental benefits compared to typical 
roofs. Stormwater management is one indisputable benefit. Climate regulation is another 
benefit that green roofs are engineered for in an effort to reduce urban climate effects such as 
heat island effect and increased air pollution. The third benefit most cited by green roof 
literature is habitat and increased biodiversity. Biodiversity is the least understood green roof 
benefit due to its broad definition and no clear standard of success.  
Stormwater 
Green roofs manage stormwater by absorbing rain much like natural pervious ground 
cover. The vegetation and growing medium layers reduce the speed of runoff from the roof 
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which helps mitigate many water quality issues present in urban areas such as increased 
sedimentation, erosion, and high runoff temperature (Getter and Rowe, 2006; Carter and 
Butler, 2008). Water retained in the growing medium cools the roof surface that, in turn, cools 
the immediate surrounding urban environment. The effects of slower and cooler water from 
green roof soils and plants have also shown to mitigate air pollutants by filtering rain water in 
soils substrates and plant matter absorbing fine particulates in urban air (Snodgrass, 2010).  
Microclimate Regulation 
A microclimate is essentially the uniform local climate of a usually small site or habitat 
including temperature, precipitation, wind speed, humidity, and solar radiation (Fowler, 1974). 
A green roof’s vegetation layer acts to reduce the solar energy absorbed by the roof surface 
and translate that energy into vegetation growth and evapotranspiration, both reducing 
temperatures and filtering air pollution (Getter and Rowe, 2006; Cantor, 2008). Reduced 
temperatures and filtered air improve living and health conditions for the urban populace 
(Getter and Rowe, 2006) and help reduce temperatures city wide (Carter and Butler, 2008).  
Direct Human Benefits 
Although green roofs have many indirect benefits to humans, they also have some 
direct benefits both physically and psychologically. In addition to the aesthetic qualities of 
green roofs, studies increasingly show that green roofs, directly accessible or not, improve the 
health of those who look upon them or visit them (Kaplan and Kaplan, 1989; Getter and Rowe, 
2006). The water proof membrane which separates soils from the architectural roof deck has 
shown to provide a longer lifespan for the roof by blocking UV rays and preventing water 
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damage that a traditional roof would weather. Currently green roofs can be designed to last 
from 25 to 40 years without the need to replace membranes or soils (Snodgrass, 2010; Carter 
and Butler 2008). The additional layers of fabric, soil and vegetation also reduce traffic, airplane 
and other urban noise sources by as much as 40 decibels (Peck, Callaghan, Kuhn and Grass, 
1999).  
Biodiversity 
Biodiversity is the least understood benefit of green roofs due to less concrete data and 
no established design standard. Biodiversity is the variability among living organisms from all 
sources on earth and the ecological complexities of which they are part: this includes diversity 
within species, between species and of ecosystems (Magurran, 2004; Millennium Ecosystem 
Assessment, 2005). With regard to green roofs, biodiversity is the measure of species present 
on the roof that are ‘using’ the roof for food, shelter or breeding. Currently, biodiversity on 
green roofs is usually a byproduct of design rather than a primary driver. Initial inventory 
studies show that the green roof biodiversity potential is enormous (Coffman and Davis, 2005; 
Kadas, 2006), but currently there is a lack of in-depth, regional and species-specific research. In 
the last decade, research has largely cataloged green roof biodiversity without studying green 
roof context at local and regional scale (Oberndorfer et al., 2007; Bass, 2009). 
Green Roof Biodiversity Research 
Although green roofs of every type have been shown to provide some form of habitat 
(Coffman and Davis, 2005; Coffman, 2007; Coffman and Waite, 2010), these roofs have 
limitations to the type of organisms they can harbor.  
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Invertebrate Diversity 
Several studies find green roofs valuable as habitat for arthropods. Arthropods have 
been shown to colonize green roofs of all types even with limited soil structure and plant 
diversity (Coffman and Davis, 2005; Kadas, 2006; Coffman, 2007; Coffman and Waite, 2010; 
MacIvor and Lundholm, 2011; Tonietto, Fant, Ascher, Ellis and Larkin, 2011; Gedge et al. 2012). 
These studies also show that arthropod diversity hinges largely on plant diversity, soil structure 
and green roof area (Coffman and Davis, 2005; Kadas, 2006; Coffman, 2007; Coffman and 
Waite, 2010;MacIvor and Lundholm, 2011; Tonietto et al., 2011; Gedge et al. 2012).  
Studies in London done by Dr. G. Kadas (2006) found green roofs harbor many varieties 
of invertebrates including nationally rare and endangered species. Even on roofs where 
invertebrate biodiversity was not a design goal, Dr. G. Kadas found 10% of captured insects 
were classified as rare or scarce to the area, illustrating the benefits green roofs provide.  
Schindler et al. (2011) examined factors influencing invertebrate diversity on green roofs 
and found that invertebrate richness did not depend on plant diversity but instead correlated 
with amount of vegetative cover on the roof. Schnidler et al. (2011) also found that 
invertebrate diversity had no correlation with roof height, or distance to ground level habitat. 
These conclusions may show that diverse invertebrate communities are achievable on smaller 
isolated green roofs when invertebrates are brought in with plants and soil.  
MacIvor and Lundholm (2011) looked at arthropod presence on green roofs in 
comparison with adjacent ground level areas. Their research indicated that increased 
invertebrate diversity and abundance depended on high diversity of vegetative structure and 
diversity of substrate of the green roof. This research also found that green roofs can support a 
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wide diversity of insects but less than their adjacent native ground habitats (Dunnett and 
Kingsbury, 2004; MacIvor and Lundholm, 2011).  
Tonietto et al.,(2011) assessed bee presence on green roofs in Chicago. Their findings 
show that native bees were using green roofs in urban habitats but to a lower degree than their 
native regional habitats. In terms of habitat value bees were more abundant at roofs with 
native plants and a greater diversity of plants. Bee presence was correlated to diversity of 
plants at a site scale and availability of habitat at a landscape scale (Toneitto et al., 2011). They 
conclude that green roofs hold a great potential for bee habitat. 
Bird Diversity 
Bird research on green roofs began in the last decade in Switzerland by Dr. Stephen 
Brenneisen (2003) when a series of 17 green roofs were studied for their role as habitat. 
Brenneisen found a number of species using these roofs such as the Black Redstart 
(Phoenicurus ochruros), House Sparrow (Passer domesticus) and White Wagtail (Motacilla alba) 
use green roofs as food sources. 
Nathalie Baumann (2006) did a similar study assessing green roofs for bird nesting 
potential. The study found that several ground nesting bird species are using green roofs as 
nesting grounds, these species being the Little Ringed Plover (Charadrius dubius), and Northern 
Lapwing (Vanellus vanellus). Although birds were present, these roofs did not provide all the 
resources that the birds required (Baumann, 2006). These green roof study sites did not have 
vegetative cover of any kind and lacked a consistent water source. As a result younger birds 
were exposed to harsh temperatures and predation from crows. 
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Studies since have recorded similar usage of green roofs by birds. These species are 
typically from habitats similar to green roof conditions such as rocky cliffs, or grassy meadows 
(Dunnett and Kingsbury, 2004). In the United States, green roofs are used by birds at a number 
of sites including the Ford Motor Company’s River Rouge Assembly Plant in Dearborn, Michigan 
where two bird species, Killdeer (Charadrius vociferous) and the Olive sided Flycatcher 
(Contopus cooperi), have used this two-year-old green roof for feeding and resting (Coffman 
and David, 2005). Although most extensive green roofs lack necessary cover or water, they 
generally provide areas where disturbance by humans is infrequent (Getter and Rowe, 2006).  
All of these studies agree that green roofs can support birds if they have diverse plant 
species, structural diversity and higher substrate depth. Varied soil structure and plant diversity 
provide cover and greater numbers of insects for food. Access to water in the form of shallow 
pools in soil is recommended (Baumann, 2006; Cantor, 2008).  
Green Roof Biodiversity Design 
Green roofs are experiencing a surge in installation and design since 2004 (Annual 
green, 2012). As green roofs become more prolific in all regions of North America designers and 
researchers can study their benefits in different climates and urban contexts.  
Design Considerations 
Felson and Pickett (2005) feel the need for serious, cross discipline “designed 
experiments” where designers and scientists work closely together to investigate and maximize 
green roof understanding and outcomes. Something akin to this is happening with design firms 
such as Jeffery L. Bruce, Conservation Design Forum and Cook + Fox Architects where 
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interdisciplinary teams are designing and monitoring their work to both ensure their work is 
successful and to better understand future projects (Currie and Bass, 2010; Stokes, Lecture 
2012). These and other design firms increasingly monitor and report on their work so that 
others can learn from past mistakes in an effort to establish a larger body of practical research.  
Cadenasso and Pickett (2008) also identify the need for collaboration between scientists 
and designers to create a more integrated urban fabric. A synthesis of design and research in 
large-scale projects would maximize aesthetics, design and ecological function (Cadenasso and 
Pickett, 2008). Green roofs provide an opportunity for interdisciplinary collaboration as 
designed experiments in urban studies.  
While individual green roofs have shown benefits to their immediate area, there is no 
research on the compounded effects of multiple green roofs in close proximity. Many speculate 
that a system of linked green roof corridors, when connected with existing parks or river 
corridors, would increase organism movement across the urban fabrics as a whole, increasing 
the value of green roofs as refuges for rare or endangered birds and invertebrates (Kadas, 2006; 
Oberndorfer et al. 2007; Carter and Butler, 2008; Bass, 2009; Connery, 2009). Currently not 
enough green roofs exist in close proximity where this scenario can be studied, but policy is in 
place requiring all new projects contain a percentage of green roof so the eventual possibility of 
this research is certain. Cities that require this include Basel, Switzerland, Toronto, Canada and 
Chicago in the US (Dunnett and Kingbury, 2004; Brenneisen, 2006; Sustainable Chicago, 2012; 
Toronto Municipal Code, 2013). 
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Context and Regional Specialization  
To perform adequately green roofs are designed with local climate factors, such as 
precipitation, in mind. Green roof plant selection and survival also relies on contextual climate 
factors. Without considering context a green roof may not survive.  
Although the FLL in Germany has established a set of guidelines and models (Philippi, 
2005), these guidelines pertain to site-specific regions in Germany and are therefore 
incompatible with most of North America. Currently green roof standards are being defined and 
developed for parts of North America, such as in the semi-arid and arid westward ecoregions of 
Colorado (Tolderlund, 2010). Although both types of green roofs are feasible almost worldwide, 
there are many factors that affect their performance and desired outcomes. Some of these 
design considerations include local rainfall, wind speeds and directions, roof substrate depth, 
soil mix composition, roof area microclimate, desired/expected maintenance, prospective roof 
users, climate change in the area, plant selection, roof and interior temperatures, 
expected/desired habitat value and building lifespan. All of these have necessary limitations, 
and so desired goals should be established before implementing a green roof (Snodgrass, 
2010).  
Alternate design approaches 
 Currently most green roof design is based off initial FLL guidelines, and although these 
designs are well established and performance tested with regard to stormwater and climate 
regulation, some designers feel that other designs could also maximize biodiversity.  
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The habitat template approach is a design type with a focus on biodiversity where the 
green roof is based on a regional habitat, forming a hybrid between a constructed habitat and 
an existing regional ecosystem (Lundholm, 2006). Jeremy Lundholm defines the term "habitat 
template" as a quantitative description of the physical and chemical parameters that define a 
particular habitat and separate it from other habitats (Southwood, 1977; Lundholm, 2006). 
Lundholm (2006) feels that designing complex plant communities requires mimicking original 
habitat conditions so that necessary organism relationships such as soil-microbe and insect-
plant relationships have the best chance of forming. By matching regional communities with 
green roof conditions some semblance of the original community and its ecosystem functions 
may be possible but this method has yet to be studied.  
Extensive green roofs have a shallow substrate with windy harsh conditions that are 
similar to a number of habitats such as bluff, cliffs and rocky outcroppings (Lundholm, 2006). 
Through this approach green roofs would assume a habitat based on current roof conditions 
instead of implementing a habitat that may be historically relevant to the immediate space. The 
Minneapolis Public Library in Minneapolis, MN is an example of this approach. At this site 
designers emulate native bedrock bluff prairie because of its similarities to green roof 
conditions and its relevance to the region historically (Currie and Bass, 2010). The project was 
designed by the Kestrel Design Group, Inc., L. Peter Macdonagh and Nathalie M. Hallyn, and 
Cesar Pelli and Associates (Cantor, 2008). This approach allows local habitat types to be 
implemented onto green roofs with minor amendments so that the green roof is representative 
of a regional habitat. Another ecosystem that may work well on green roofs are dry prairie 
communities because they experience high winds, extreme temperatures and precipitation 
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fluctuations. Sutton (2009) believes that a dry prairie habitat template would be suitable for 
green roofs in the short-grass prairie ecoregions on North America. Green roofs with some 
similar prairie species are already in use in Illinois, Minnesota and Iowa (Millett, 2004; Cantor, 
2008; Currie and Bass, 2010).  
Research Objective 
The purpose of this research is to assess green roof biodiversity in Iowa, add to North 
American green roof biodiversity data and compare physical and contextual characteristics with 
roof biodiversity to understand their relationships, if any. Contributing to the North American 
green roof biodiversity dataset will eventually allow green roofs to take on specialized designs 
for North American’s many ecoregions and climates, as well as the organisms in these 
ecoregions which stand to benefit from wide spread green roof implementation. Also, 
understanding how biodiversity responds to physical green roof design and contextual 
landscape variables will help planners and designers integrate biodiversity into their built work. 
The guiding questions for my research included the following: 
• Can green roofs serve as successful habitats for birds in Iowa? 
• How many and what types of green roofs exist in Iowa? 
• How are birds using these Iowa green roofs that weren’t constructed specifically to 
attract birds? 
• Are changes or tweaks possible in terms of green roof design that impact habitat? Can 
minor changes be made to advance their value to birds? 
• What literature or resources do designers have access to that help design for habitat 
outcomes? 
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Future Recommendations 
The findings in this research demonstrate that bird use green roofs for a variety of uses. 
Research found that green roofs greater than 2000 m2 harbored greater numbers than roofs 
smaller than 2000 m2. A green roofs distance from standing water has also shown to affect how 
many birds are present. Green roofs farther than 800 meters from standing water had greater 
bird numbers than roofs closer than 800 meters. This evidence is the first in describing a tested 
bird biodiversity design standard. Incorporating further biodiversity design research into green 
roof design would give important prediction information to the designer in terms of bird usage.  
Beyond these two initial biodiversity design recommendations there are many variables 
that should be researched to give greater depth to a bird biodiversity design standard. Several 
topics that should be studied include the influence of green roof vegetation structure and 
diversity on bird richness and abundance. Region specific green roof biodiversity studies are 
necessary across North America in an effort to understand how site ecoregion influences green 
roof biodiversity. Lastly, as these biodiversity design standards develop they should be included 
in green roof public policy to provide an incentive for designers and scientists to implement 
these design standards in their work. 
Thesis Organization 
Each of the following two chapters is written as independent articles that could be 
submitted for publication. Chapter two focuses on avian diversity on urban green roofs that 
covers base observation and behavior data. Chapter three, green roof attributes and 
biodiversity introduces regression analysis between both local design characteristics of each 
green roof against avian diversity and contextual landscape attributes against avian diversity in 
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order to understand how physical characteristics can increased biodiversity in future green 
roofs. An appendix includes maps and photos of all study sites, avian observation data and 
corresponding insect collection data for future research is included. 
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CHAPTER 2: AVIAN DIVERSITY ON URBAN GREEN ROOFS 
Introduction 
The environmental movement of the 1970’s brought new interest to the study of urban 
ecosystems and how urbanization affects the environment (Dunnett and Kingsbury, 2004; 
Schaefer, 2004). Urbanization is the global increase in urban growth and development affecting 
both developed and developing countries (Gonzalez-Oreja, Funente-Diaz-Ordaz, Hernandez-
Santin, Buzo-Franco and Bonache-Regidor, 2010) and put simply, fragments, alters, and disrupts 
natural ecosystems (Marzluff, 2001; Mckinney, 2002). As cities expand they replace 
surrounding habitats with a mixture of impervious surfaces, infrastructure, and, simple 
homogenous plant communities (such as turf lawns) eventually changing how these ecosystems 
function (Bolund and Hunhammar, 1999; Chace and Walsh, 2006). Although urbanization is 
inevitable, the disruption of local ecosystem services, such as air and water filtration, climate 
regulation, and biodiversity is not.  
Biodiversity 
Biodiversity is an ecosystem service that has many indirect benefits on urban 
populations including improved air quality, water quality (Costanza et al. 1997; Moran, Hunt 
and Smith, 2005) and overall psychological well-being to urban populations (Kaplan and Kaplan, 
1989; Fuller, Irvine, Devine-Wright, Warren and Gaston, 2007).  
Progressive cities recognize the benefits of biodiversity and are developing strategies 
toward conserving remnant natural areas and implementing green spaces to improve quality of 
life. Many cities like, Toronto and Chicago, have already enacted sustainable development 
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policies requiring new construction projects to incorporate a percentage of green space in the 
form of a green roof (Sustainable Chicago, 2012; Toronto Municipal, 2013).  
 Effects of Urbanization on Wildlife 
Urban biodiversity studies have shown that biodiversity in urban settings is consistently 
lower than surrounding rural areas (Emlen, 1974; Marzluff, 2001; McKinney, 2002; Chace and 
Walsh, 2006; Shochat, Lerman, and Fernandez-Juricic, 2010; Faeth, Bang and Saari, 2011). Once 
this initial pattern was understood research focused on how urban typologies, patch dynamics 
and rural - urban gradients affected biodiversity as well as their underlying mechanics. These 
same studies show that urban species abundance is higher in several taxa, specifically birds and 
insects, due to an increased availability of food sources provided by humans (Gilbert, 1989). 
Species richness is generally lower in urban settings due to lack of niche diversity, resulting in 
several adaptive and synanthropic species dominating available habitat (Shochat et al. 2010). 
Fewer predators in urban environments also create artificially high abundance levels (Schaefer, 
2004).  
Urban bird studies have found urban bird diversity is tied to land cover vegetation, land 
use type, habitat patch size, and distance to other patches (Niemela, 1999; Marzluff, 2001; 
Mckinney, 2002; Schaefer, 2004; Chace and Walsh, 2006; Faeth et al., 2011).  
Green Roofs 
Green roofs are flat or sloped roofs designed to support vegetation (Getter and Rowe, 
2006; Cantor, 2008; Dvorak, 2010) that may act as a new type of patch with the potential to 
increase both the amount and heterogeneity of habitat in urban settings and thus increase 
biodiversity.  
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Avian Green Roof Studies 
Although avian diversity is included as one of the prime benefits of a green roof, few 
studies have quantified this. Green roof biodiversity research is largely from Europe where 
modern green roofs evolved. In Switzerland and Germany, green roofs were found to support 
several bird species as both foraging grounds and breeding areas (Brenneisen, 2003; Burgess, 
2004; Baumann, 2006). Gedge (2003) found the same species on green roofs in England. 
However, these species were already adapted to the conditions extensive green roofs provide; 
namely stony, open areas with little vegetation similar to cliff habitats (Brenneisen, 2003; 
Dunnett and Kingsbury, 2004). Baumann (2006) found that although these species nested on 
green roofs, almost none of the offspring survived longer than a few days. Although these birds 
chose to nest on these green roofs, lack of food and water, and exposure to avian predators did 
not allow the young to survive (Baumann, 2006). 
North American green roof biodiversity studies have been scarce. The city hall green 
roof in Chicago, Illinois was the first in North America to start recording data for bird and 
arthropod presence, but to date no findings have been published (Millett, 2004). Coffman and 
Davis (2005) did a study of the extensive green roof on the Ford Motor Company manufacturing 
facility in Dearborn, Michigan, also measuring bird and arthropod presence. Data was collected 
during four observation periods in the summer of 2004. Coffman (2007) published another 
study comparing the Ford Motor Company extensive green roof to an intensive green roof atop 
the Wexner Center for Performing Arts in Columbus, Ohio, also comprised of four observation 
periods during the summer of 2004. These, along with a number of similar case studies, 
specifically Chicago’s O’Hare airport (Swearingin, Pullins, Guerrant and Washburn, 2008), the 
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Cook+Fox Architecture office green roof in New York (Hartley, A., 2008), and York University’s 
green roof study in Toronto (Miller, 2008), encompass the body of research of avian diversity 
on green roofs in North America.  
The paucity of North American green roof data is a problem. These few North American 
studies each assess only one or two relatively new green roofs and focus largely on bird 
presence/absence data with few recording or publishing bird behavior. In contrast, Stephen 
Brenneisens’ study of 17 green roofs in Europe laid the groundwork for most contemporary 
green roof biodiversity knowledge. A similar body of knowledge is required for North America 
to lay the foundation for understanding the ecological benefits of green roofs. This research is 
intended to expand the North American knowledge base of avian presence and usage of green 
roofs and compare with existing studies. 
Definitions 
 Biodiversity is the variability among living organisms from all sources on earth and the 
ecological complexities of which they are part: this includes diversity within species, between 
species and of ecosystems (Magurran, 2004; Millennium Ecosystem Assessment, (2005). 
Ecosystem services are ecosystem functions such that are beneficial to humans affecting 
health and livelihood (Costanza et al., 1997).  
 Evenness is a measure of how evenly the individuals in the community are distributed 
in terms of species. Species evenness is a component of determining the Shannon-Weaver 
diversity index. 
 Habitat is defined as the resources and conditions present in an area that produce 
occupancy, including survival and reproduction by a given organism (Krausman, 1999). These 
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resources and conditions include food, water and any factors that allow an organism to 
successfully survive. A particular habitat may only provide some of the resources necessary for 
an individual organism’s survival, thus leading that organism to use multiple habitats to meet its 
survival requirements.  
 Habitat use is the presence of an animal in a habitat (Krausman, 1999). The categories of 
use depend on the organism(s) being studied. Categories of use may include foraging, nesting, 
calling, cover or any specific behavior used by an organism in a habitat. Habitats may comprise 
many uses for organisms depending on the requirements and behaviors of an individual species 
(e.g., a bird may use a small tree for singing, nesting and perching, but not for foraging). 
Urban is a term that encompasses many land types and forms. Urban lands are usually 
defined as having greater building density as well as service, commercial and industrial uses 
(Niemela, 1999; Miller, Fraterrigo, Hobbs, Theobald and Wiens, 2001; Faeth et al., 2011). 
Although ‘urban’ indicates a dense building layout, higher percentages of impervious surfaces 
and denser human populations are often not quantified (Marzluff 2001). Marzluff (2001) gives a 
standard definition for urban land types based on building density, percentage of land with 
structures, and residential population density: >50 % Built, >10 Building / ha and (> 10 
residences / ha.  
Intensive green roofs are designed with greater substrate depth, typically over 6 inches, 
in order to support greater vegetation and filter additional water. Intensive green roofs are 
usually designed with the building beneath them to incorporate additional weight loads. This 
generally makes them more expensive. Intensive green roofs allow for a wider plant diversity 
and structure. 
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Extensive green roofs have thinner substrate, less than 6 inches, making them 
considerably lighter. This green roof type is more common because existing roofs can be easily 
retrofitted to incorporate an extensive green roof system. Vegetation diversity and structure is 
usually reduced in this roof type. 
Methods 
Study Sites 
A total of 24 green roofs were identified in the state of Iowa. Of these, ten green roof 
sites in Iowa were randomly selected for study, pending access (Table 1). Green roofs were first 
identified from case studies, news articles, and green roof websites.  
Selection criteria included access availability, age of green roofs, depth of the planting 
media, green roof size, and surrounding context. The most important factor was accessibility 
during desired observation times. Prime bird observation times occur between 6 AM and 11 
AM. All green roofs had a similar depth of planting media and were classified as extensive green 
roofs. A range of green roof sizes and a variety of landscape context conditions were desired. 
Geographically the green roofs lie within five urban areas across Iowa; three in Ames, 
three in Des Moines, two in Cedar Rapids, one in Davenport, and one in Muscatine (Figure 1). 
Below is a detailed description of each roof, in addition to a map of each site (Appendix C).  
 (1) The Iowa State University (ISU) Memorial Union site (MU) is located on the ISU 
campus in Ames. This green roof was designed and installed by the Iowa State Horticulture Club 
in 2010. The green roof is not publicly accessible; however, it is visible from inside a Memorial 
Union hallway between the parking ramp and the ‘Gold Room’. Several mechanical system 
vents are located within the vegetation, which is 100% Sedum spp. 
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 (2) The King Pavilion (King) is a certified LEED (Leadership in Energy and Environmental 
Design) Platinum project completed in 2009 at ISU’s College of Design. This green roof is not 
publicly accessible but visible from the northwest windows of the College of Design. The center 
of the site has a vegetated extruded center ramp with windows on three sides designed to day-
light the interior of the building. The vegetation cover at this site is only 20% of the green roof 
area due to extreme drought in 2012 and 2013. Blue grama (B. gracilis), one of twelve species 
planted, has expanded into some of the empty areas and is now the dominant species. 
(3) The State Gym green roof (State) is located on the 2011 addition of ISU’s State Gym 
Building. The green roof vegetation includes 15 plant varieties, 10 of which are Sedum spp. This 
site is not publicly accessible but visible from some fourth story windows on the adjacent Eaton 
Hall Dormitory.  
(4) The Wesley Life Retirement Community (Wesley) green roof in Des Moines was 
developed for resident use and viewing from the main cafeteria. The site is accessible to 
residents and guests during summer and fall. Vegetation is composed mostly of Sedum spp and 
was planted in the fall of 2012. This green roof has 100% healthy vegetative cover. 
(5) The Historic Valley Junction (Historic) green roof is located on the second story patio 
space attached to the Historic City Hall in Valley Junction. The site consists of a wooden deck 
with a picnic table where visitors can sit surrounded by green roof vegetation. This site is the 
smallest of the ten study sites. 
(6) The Des Moines Public Library (Library) is the largest and oldest green roof in Iowa. 
Construction was completed in 2006. This site is not publicly accessible but visible from the 
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many office buildings that surround it. This roof contains rooftop utility structures such as vents 
and antennae used by the library. 
(7) The Methwick Retirement Community (Methwick) green roof is in Cedar Rapids and 
was designed for viewing from individual apartments. The site allows residents and guests 
access to a seating patio adjacent to the vegetation. Methwick’s green roof vegetation is 
comprised of mostly Sedum spp with a small percentage of self-seeded species. The roof was 
constructed in 2010 and also suffered severe damage from the drought of 2012-13. 
(8) The Watertower Place (Watertower) green roof is a seven story condominium 
retrofit of an old factory tower in downtown Cedar Rapids. The site is accessible only by 
residents of the building and their guests and includes several patio seating areas and wooden 
pergola structures placed in the center of the roof area. Vegetation is largely Sedum spp but 
also includes a ring of slightly deeper (6 inches) modular trays containing native prairie plant 
species such as wild onion (Allium schoenoprasum), coneflower (Echinacea spp.) and blazing 
star (Liatris spp.). This site was constructed in 2010 and is vigorously maintained resulting in 
100% vegetation cover. Several potted trees sit among the pergolas and seating areas.  
(9) Genesis Medical Center (Genesis) green roof is located within a third story terrace 
visible from patient recovery rooms. It is located in Davenport, was installed in 2010 and is not 
accessible by the public. The site also contains rooftop mechanical structures such as vents and 
air-conditioner units that existed here previous to the green roof installation. Vegetation is 
almost entirely Sedum spp. with some wild onion (Allium schoenoprasum). This site has a built- 
in irrigation system. 
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(10) Pearlview Condominiums (Pearlview) green roof is located on top of a seven story 
mixed-use building located in Muscatine. This green roof was completed in 2012, and its 
vegetation is largely Sedum spp. with a number of native prairie species such as wild onion 
(Allium schoenoprasum), coneflower (Echinacea spp.), and blazing star (Liatris spp.) This roof is 
in good condition and maintains 100% cover. 
Avian survey methods 
The ten green roof sites were surveyed five times, each between 13 May 2013 and 9 
August 2013. Each survey occurred between 6 AM and 11 AM corresponding to when birds are 
most active. Each species was identified by either sight or song, often with the aid of binoculars. 
Unidentified birds were recorded as such, but not included in any subsequent analyses. The 
observation duration for each roof was dependent upon roof area, based on the methods of 
Coffman and Davis (2005). Using this approach observation durations were 30 minutes for the 
MU, Historic, Pearlview, and Wesley sites, 60 minutes duration for King, State, Watertower, 
Genesis and Methwick sites, and 90 minutes duration for to the Library site.  
Observation points were selected at each roof to minimize disruption of bird use and to 
maximize visibility of the entire green roof area. All observations were completed from a fixed 
vantage point on the green roof or from a remote point in an adjacent building. Some sites, 
specifically Pearlview and Genesis, did not allow for a remote observation point and so some 
avian disturbance may have occurred during observation periods at these two sites. Bird use of 
the sites fell into seven categories:  
1. Gathering nest material. Gathering nest material occurred when an individual was 
seen gathering grass or other nest material and leaving the roof site. 
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2. Flyovers. Flyovers were defined as a bird flying closer than 20 feet over the roof 
without landing on it. Flyovers were included in the dataset because their close 
proximity was inferred to imply some use of the roof. 
3. Perching on roof edge. Perching on the edge of roof was measured when an 
individual perched on the roofs edge for more than three seconds, usually just 
before an individual took off from the roof or had just arrived. 
4. Perching on structure. Perching on structure involved the bird using some feature 
present on the green roof such as a ventilation pipe or antennae for more than three 
seconds. Features along the roof edge, such as railings, did not count but railings 
within the roof interior would count as a feature if used. 
5. Foraging. Foraging behaviors were measured when birds were actively foraging in 
the site vegetation. 
6. Fighting behavior. Fighting or squabbling occurred when two individuals showed 
some level of aggression or display behavior.  
7. Calling. Calling occurred when an individual used the roof for singing from a 
stationary perch. 
Each of these was defined based on previous work by Coffman and Davis (2005) and Brenneisen 
(2003). An individual could exhibit multiple uses while visiting a roof. Behavior time lengths 
were not collected but certain behaviors required a minimum time to qualify as use. 
Data Analyses 
Bird richness (measuring the number of species present) and abundance (the total 
number of individuals) data were used to calculate the Shannon-Weaver Index (H) (Shannon 
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and Weaver, 1949; Magurran, 2004) as described by Coffman and Davis (2005) and Bass (2009). 
The Shannon-Weaver index is a measure of diversity that accounts for evenness and richness of 
species. A higher number indicates a rich, even mix of species whereas a low number indicates 
either few species or uneven counts. A Shannon-Weaver index of 0 indicates there is only one 
species present. Evenness (EH), measures how even a community is in terms of individuals per 
species. Evenness for each site was also calculated (Table 2). 
Frequency of use (%) was determined for each site based on the definitions of 
behaviors, including flyover data. Frequency of occurrence for each species was also calculated. 
Unidentified birds were excluded from data analysis.  
Results 
A total of 884 birds, comprised of 15 native species and 3 non-native species, occurred 
across all study sites. Richness (S) ranged from 1 species at the MU site to 11 species on both 
the State and Methwick sites (Table 2). Abundance varied greatly from site to site, ranging from 
1 at the MU site to 316 at the Library site (Table 2). Of the 18 species occurring in this study, the 
Chimney Swift (Chaetura pelagica) was most abundant, occurring 192 times at more than half 
of the sites surveyed. The only species to occur once was a Baltimore Oriole (Icterus galbula) at 
the Methwick site; all other species visited a site at least twice (Table 2).  
 Diversity calculated using the Shannon-Weaver index (H’) found a range of 0 at the MU 
site to 1.65 at the Library site (Table 2). Mean diversity across all sites was 1.03 (H’ = 1.03, EH = 
0.72).  
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 Bird behaviors varied greatly in frequency with Flyovers being the most frequent at an 
average frequency of 62% while Gathering nest material was the least frequent at 0.2% across 
all sites (Table 5). Each category was exhibited at least once across all roofs. 
One individual, a Belted Kingfisher (Megaceryle alcyon), was found deceased on the MU 
roof and was not counted in any usage analysis but was included in total abundance data.  
Discussion 
Research on avian green roof presence and use is limited, especially in North America. 
Testing methods and adding to the knowledge base are the initial steps toward understanding 
how green roofs act as habitat in urban settings. This study found that birds visit green roofs for 
a variety of uses. Comparing these results with previous research from both Europe and North 
America reveals some dissimilar trends. 
Comparison with European research 
A comparison of behavioral results with Stephen Brenneisen’s (2003) study found that, 
foraging accounted for roughly 80% of all behaviors in both studies. Brenneisen’s study used 
the behavioral category of ‘resting’ to account for 4% of bird behavior. Translating the 
categories of ‘Perching on roof edge’ and ‘Perching on roof structure’ from this research to 
‘resting’ found that bird resting behavior was 64% of all bird behavior exhibited. Brenneisen’s 
definition of resting may have had a minimum time associated with it or may have involved the 
birds sitting in the vegetation, which did not occur at any of the sites. The ‘singing’ and ‘calling’ 
categories of both our studies resulted in the same percentage of behavior (3%). ‘Gathering 
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nest material’ had a similar result with 4% in Brenneisen’s and 7% in this study. Brenneisen’s 
behavioral category of ‘Caring for plumage’ was not observed at any of the study sites.  
The next most comparable study of any depth is a research project done by Helen 
Burgess (2004) on two green roofs and bird usage in the United Kingdom. This study also 
recorded bird usage but did on a timed basis so that each behavior was given an element of 
time as opposed to just behavior presence-absence data as this study has done. Behavioral data 
was incompatible.  
North American study comparison 
Comparing abundance data to other North American studies, notably Coffman and Davis 
(2005), Coffman (2007), and Miller (2008) we find that abundance numbers differ greatly. 
Coffman (2007) listed total abundance at two roofs, 11 total individual observations at the Ford 
Plant extensive green roof and 93 at the Wexner intensive green roof. Coffmans’ (2007) study 
displayed mean observations per visit as 3 ( x  = 2.75) at the Ford plant extensive green roof. 
This study found mean observations were 8 individuals observed per visit ( x  = 8.8) across all 
extensive roofs. Coffmans’ (2007) study recorded richness (S) of 3 at the extensive roof site. 
Mean richness (S) in this study was 6 ( x  = 5.63) species. Although Coffman and Davis (2005) 
recorded behavioral data on bird observations for their two roof sites, the sample size of 
individual observations was so small (n = 11) that comparison of data would be ineffective.  
Shannon-Weaver 
Coffman’s 2007 study calculated Shannon-Weaver indexes (H’) for both the extensive 
and intensive sites and found a value of 0.26 (H’ = 0.26, EH’ = 0.55) at the extensive (Ford) site.  
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These values were low when compared with Shannon-Weaver values (H’ = 1.03, EH’ = 0.73) 
from this study. Calculating the Shannon-Weaver index (H’) for Brenneisen’s study found H’ = 
1.84, and evenness as EH’ = 0.74. Brenneisen’s study had shared a level of diversity with one site 
from this study (Library), and mean evenness was also comparable across these studies for 
extensive green roofs.  
Method prescriptions 
 The green roof data collection methods described above worked well for this study but 
may need certain modifications in future studies. Some considerations for further research 
include: 
• Observation method: Roofs with dense/tall vegetation or consisting of varied 
topography may need multiple observation vantage points and calculate 
detection probability for their work.  
• Roof size: Larger roofs, especially long roofs require additional observation 
method because even with binoculars, identification accuracy drops and the roof 
becomes unmanageable. Incorporating a detection probability would help fix 
this problem. 
• Time frame: This study focused on the breeding bird time frame May to August 
but other time frames such as the flowering peak of the green roof vegetation 
could be studied. 
• Timed observation: This study did not time the usage of roofs by individual birds 
but this method has been used in other studies. Timing individual usage patterns 
would provide another level of data if it can be accomplished. 
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General observations 
Brenneisen (2003) explained that he found relatively few ‘urban’ birds, which he 
expected in great number, and found a larger proportion of ‘non-urban’ birds than he expected. 
This study did not find a similar trend with Brenneisens findings and instead the five most 
abundant species observed were either ‘urban adapters’ (birds which are generally omnivores 
and ground foragers or ‘urban exploiters’ (also called synanthropes) which are typically 
completely dependent on human resources for survival (Blair, 1996). Urban adapters in this 
study included the American Robin (Turdus mirgratorius), Finches (Haemohous spp.) and Swifts 
(Chaetura spp.). Urban exploiters (synanthropes) in this study included the House Sparrow 
(Passer domesticus), Rock Pigeon (Columba livia) and European Starlings (Sturgus vulgaris) that 
were similarly found in high abundance in previous urban bird studies (Emlen, 1974; Mills, 
Dunnell and Bates, 1989; Marzluff, 2001; Mckinney, 2002; Shochat et al., 2010). The similarity 
between Brenneisen’s roof sites and regional habitat was more pronounced than North 
American study sites, possibly explaining why fewer ‘non-urban’ species were found on these 
roofs (Brenneisen, 2003). This, and recommendations made by Brenneisen (2003), Burgess 
(2004), Brenneisen (2006) and Coffman (2007), suggest that species or habitat specific 
modifications could be incorporated in roof design to promote certain bird species use of green 
roofs. Taking this idea further, other research call for green roofs to emulate regional 
ecosystems in an effort to increase biodiversity (Hobbs et al. 2006; Cadenasso and Pickett, 
2008; Shochat et al., 2010; Faeth et al. 2011).  
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The main goal of this study was to perform previous study methods and techniques with 
a larger sample pool than previous North American green roof biodiversity studies, enabling 
more accurate comparison between European and North American findings.  
Conclusion 
 Green roofs have proven to be useful to avian species in an urban setting. For many 
species, green roofs can fulfill some survival requirements in urban settings by acting as 
foraging areas, resting areas, and as a nest material source. Although green roofs have proven 
some habitat value their habitat potential has not yet been reached. Future research directions 
should include: 
• How do the number of green roofs and their density affect diversity over the urban 
fabric? 
• What bird guilds favor green roofs and how can design maximize the presence of these 
guilds? 
• How can green roofs be tied with existing fragment habitat in an effort to increase 
biodiversity of both spaces? 
Not until cities implement sustainability and conservation goals requiring diversity 
standards will green roofs be seen on a large scale. A large scale beneficial network of ‘stepping 
stones’ through the urban fabric may compound the effectiveness that each green roof has 
possibly emulating a natural system of habitat patches (Green Roofs, 2003; Dearborn and Kark, 
2010; Gedge, Grant, Kadas and Dingham, 2012). In the meantime, landscape architects, 
engineers and ecologists have a blank slate in green roofs. Integrating biodiversity research 
findings into current green roof designs would not only maintain the array of ecological services 
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that green roofs provide but also maximize habitat potential benefiting both ecological and 
urban system function (Brenneisen, 2003; Baumann, 2006; Brenneisen, 2006; Cadenasso and 
Pickett, 2008)  
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Table 1. Green roof study site descriptive attributes including site city location, height of green roof (m), area of 
green roof (m2), percent vegetative cover (%), green roof type and the depth of the planting media (cm). 
SITES Location Height (m) Area (m2) Vegetative cover (%) Type Planting Media Depth (cm) 
1. MU ROOF Ames 3.05 262 100 Extensive 10.8 
2. KING PAVILLION Ames 7.62 2743 20 Extensive 10.2 
3. STATE GYM Ames 6.10 2256 100 Extensive 10.2 
4. WESLEY 
Des 
Moines 3.05 618 100 Extensive 10.8 
5. HISTORIC 
Des 
Moines 3.05 99 100 Extensive 10.8 
6. LIBRARY 
Des 
Moines 6.10 16154 100 Extensive 10.2 
7. METHWICK 
Cedar 
Rapids 3.05 3851 30 Extensive 10.8 
8. WATERTOWER 
Cedar 
Rapids 21.34 2256 100 Extensive 10.8 
9. GENESIS Davenport 6.10 1428 100 Extensive 10.8 
10. PEARLVIEW Muscatine 21.34 634 100 Extensive 10.8 
Mean  8.08 3030 85    10.6 
 
 
 
 
Table 2.  Diversity values of green roof by site. This table illustrates species richness, or the total number of 
species, abundance, the total number of individuals by site, and their Shannon-Weaver index as well as an 
evenness measure derived from the Shannon-Weaver index 
SITES Richness (S) Abundance (N) Shannon-Weaver(H’) Evenness (EH) 
1. MU ROOF 1 1 0.00 1.00 
2. KING PAVILLION 4 10 1.31 0.95 
3. STATE GYM 11 72 1.31 0.54 
4. WESLEY 2 6 0.45 0.65 
5. HISTORIC 4 12 1.24 0.89 
6. LIBRARY 8 316 1.65 0.79 
7. METHWICK 11 208 1.34 0.56 
8. WATERTOWER 10 161 1.39 0.60 
9. GENESIS 3 6 0.86 0.92 
10. PEARLVIEW 7 92 0.74 0.38 
Sum  884   
Mean 6.1 88 1.03 0.73 
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Table 3. Avian frequency of occurrence (%) across the ten roof sites and total abundance by species present in the 
observations.  
SPECIES FREQUENCY OCCURANCE (%)                ADUNDANCE 
Cathartidae     
Turkey Vulture (Cathartes aura) 20 2 
Falconidae     
American Kestrel (Falco sparverius) 10 4 
Columbidae     
Rock Pigeon (Columba livia) 40 18 
Mourning Dove (Zenaida macroura) 50 17 
Apodidae     
Chimney Swift (Chaetura pelagica) 50 192 
Trochilidae     
Ruby-throated Hummingbird (Archilochus colubris) 10 16 
Alcedinidae     
Belted Kingfisher (Megaceryle alcyon) 10 1 
Corvidae     
American Crow (Corvus brachyrhynchos) 20 4 
Hirundinidae     
Barn Swallow (Hirundo rustica) 20 4 
Turdidae     
American Robin (Turdus migratorius) 40 48 
Bombycillidae     
Cedar Waxwing (Bombycilla cedrorum) 10 2 
Emberizidae     
Song Sparrow (Melospiza melodia) 10 2 
Cardinalidae     
Northern Cardinal (Cardinalis cardinalis) 10 17 
Icteridae     
Common Grackle (Quiscalus quiscula) 40 170 
Baltimore Oriole (Icterus galbula) 10 1 
Fringillidae     
House Finch (Haemorhous mexicanus) 60 36 
American Golfinch (Spinus tristis) 30 14 
Sturnidae     
European Starling (Sturnus vulgaris) 70 157 
Passeridae     
House Sparrow (Passer domesticus) 90 179 
Sum 
 
884 
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Table 4. Frequency of behavior type (%) by site.  This table displays each behaviors proportion distributed by site. 
SITE Gathering Nest 
Material 
Flyover Perching on 
Edge 
Foraging Squabbling Calling Perching on 
Structure 
1. MU ROOF 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2. KING PAVILLION 0.00 70.00 20.00 10.00 0.00 0.00 0.00 
3. STATE GYM 0.00 87.67 8.22 4.11 0.00 0.00 0.00 
4. WESLEY 0.00 66.67 33.33 0.00 0.00 0.00 0.00 
5. HISTORIC 0.00 75.00 25.00 0.00 0.00 0.00 0.00 
6. LIBRARY 0.63 23.73 14.87 55.70 3.16 0.00 1.90 
7. METHWICK 0.48 69.23 3.85 19.71 6.73 0.00 0.00 
8. WATERTOWER 0.00 52.80 35.40 6.83 0.00 2.48 2.48 
9. GENESIS 0.00 83.33 16.67 0.00 0.00 0.00 0.00 
10. PEARLVIEW 1.09 93.48 5.43 0.00 0.00 0.00 0.00 
Mean frequency of 
behavior type 
0.22 62.19 26.90 9.63 0.99 0.69 0.44 
        
 
 
 
 
 
Figure 1. Green roof site location map. This figure illustrates the location of each green roof in order of their 
description. 
 
 
44 
 
CHAPTER 3: GREEN ROOF ATTRIBUTES AND BIODIVERSITY 
Introduction 
Urban areas are complex, ever changing, landscapes where natural ecosystems and 
their vital functions have been significantly reduced or completely disrupted (Marzluff, 2001; 
Mckinney, 2002). The ecosystem functions which are beneficial to humans are known as 
ecosystem services and both directly and indirectly affect human health and livelihood 
(Costanza et al., 1997). Ecosystem services such as air and water filtration, storm water 
management, climate regulation, waste decomposition and biodiversity are disrupted by 
replacing pervious vegetated surface with hard, impervious surfaces such as concrete, asphalt 
or buildings (Obernofer et al. , 2007; Bolund and Hunhammar, 1999;).  
Landscape architects, architects and urban planners are motivated to deliberately 
develop the relationship between their built work and ecosystem services. Many small scale 
solutions exist which attempt to rectify ecosystem service disruption. For instance:  
• Plant and soil systems in street planters and rain gardens filter air, water and help with 
waste decomposition (Rain Garden, 2012; Good, O’Sullivan, Wicke and Cochrane, 2012).  
• Increasing vegetation in general helps to regulate micro-climate and filter air and reduce 
noise pollution (Dunnett and Kingsbury, 2004). 
• Using porous paving materials cleans heavy metals and hydrocarbons from water before 
entering water bodies and reduces stormwater runoff peaks (Brattebo and Booth, 
2003). 
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Biodiversity 
Biodiversity is also an ecosystem service which has many benefits for humans (Costanza 
et al. 1997). Biodiversity is defined here as the variety of life in a specified area (Schaefer, 2004) 
Organisms perform functions which greatly affect ecosystems such as pollination and waste 
decomposition. Biodiversity has many indirect benefits within urban systems including 
improved air and water quality (Dearborn and Kark, 2010) and psychological benefits (Kaplan 
and Kaplan, 1989; Fuller, Irvine, Devine-Wright, Warren and Gaston, 2007). 
Studies on urban biodiversity typically focus either within either remnant habitat 
fragments or among various urban land use types. Birds and insects are good indicators of 
biodiversity potential and so many urban biodiversity studies use these taxa (Alberti, 2005; 
Bass, 2009). These studies report that bird and insect biodiversity is consistently lower in urban 
areas than rural areas (Emlen, 1974; Blair, 1996; Marzluff, 2001; McKinney, 2002; Chace and 
Walsh, 2006; Shochat, Lerman, and Fernandez-Juricic, 2010; Faeth, Bang and Saari, 2011). 
Although urban biodiversity is lower in all taxa when compared with rural areas, bird and insect 
abundance is generally higher in urban areas (Emlen, 1974; Blair, 1996; Marzluff, 2001; 
McKinney, 2002; Chace and Walsh, 2006; Shochat, et al., 2010; Faeth, et al., 2011).  
Urban land use studies find that biodiversity varies with landscape typology and features in the 
landscape. Typologies studied include parks, open space, office parks, golf courses, suburban 
residential areas and downtown urban cores. Lower bird diversity was attributed to higher 
building density, increases in impervious surface and reductions in vegetative surfaces (Gilbert, 
1989; Blair, 1996; Lerman and Warren, 2011). Increased bird diversity was attributed with 
water availability in open spaces, specifically golf courses (Moul and Elliot, 1994). Increased 
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native bird species diversity has also been positively attributed to larger sized habitat fragments 
within urban areas (Gavareski, 1976; Donnelly and Marzluff, 2004).  
Green Roofs 
Green roofs are a new type of urban land typology. Vegetation on rooftops have existed 
in various forms for hundreds of years but modern green roofs only began to take their form in 
the early 20th century in Germany (Obernofer et al., 2007).  
Most modern green roofs are composed from a set of layers each with specific 
functions. From the bottommost layer and working upwards green roofs usually consist of: 
• A waterproofing layer set on the existing roof so that precipitation does not infiltrate 
into the existing structure. Rubber sheeting or PVC are some typical materials this layer 
is composed of. 
• An insulation layer place on top of the helps regulate interior temperatures in both 
summer and winter. 
• The root protection layer keeps roots from infiltrating the waterproofing layer or other 
architectural parts of the existing building.  
• The drainage layer manages the flow of water off of the roof so that no blockage occurs. 
• A filter fabric layer keeps fine particles such as silt from getting into other layers 
ensuring no blockage occurs. 
• The growing medium is a layer of engineered soil which is both lightweight and capable 
of holding a lot of water. Growing media must be structurally stable but permeable 
enough to allow nutrients roots and water to pass through it. 
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• Vegetation is the topmost layer. Vegetation ensures growing media does not blow 
away, helps absorbs precipitation and reduces heat island effect.  
Although green roof benefits were locally recognized, they were not clearly documented 
until 1982 when a thorough publication was released by the Landscape, Research, 
Development and Construction Society in Germany (Philippi, 2005; Obernofer et al., 2007). 
Since then implementation of green roofs has spread from Europe to North America in 
attempts to mitigate some ecosystem service disruptions caused by urbanization. Research 
efforts have also expanded as a way to quantify their environmental benefits. As a result of this 
research, many cities such as Seattle, Minneapolis, Boston, and New York are making green 
roof implementation a high priority (Dunnett and Kingsbury, 2004). Several progressive major 
cities are implementing mandatory green roof construction on all new buildings as part of their 
sustainability programs including Toronto, Portland and Chicago (Dunnett and Kingbury, 2004; 
Sustainable Chicago, 2012; Toronto Municipal Code, 2013).  
Environmental Benefits of Green Roofs 
Green roofs provide three major types of environmental benefits compared to typical 
roofs most of which are well documented. Stormwater management is one of the most 
indisputable benefits of green roofs. Green roofs have shown to delay stormwater runoff up to 
4 hours after rain event resulting in cooler water temperatures entering water bodies and 
reduced runoff peaks (Moran, Hunt and Jennings, 2004; Getter and Rowe, 2006). Stormwater 
runoff leaving a greenroof can be reduced by 57% to 78% due to uptake by roof vegetation or 
transpiration into the atmosphere (Moran et al, 2004). 
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Climate regulation is an ecosystem service which manages both biogeochemical and 
biophysical mechanisms such as temperature, humidity and greenhouse gas regulation 
(Anderson-Teixeiea, Snyder, Twine, Cuadra, Costa, DeLucia, 2012). Climate regulation is 
necessary in urban areas because high proportions of impervious surfaces absorb solar 
radiation and release this as heat into the surrounding atmosphere. Green roofs assist in 
regulating both interior and exterior climate factors. Vegetation on green roofs has been shown 
to absorb solar radiation up to 90% when compared with standard rooftops (Peck, Callaghan, 
Kuhn and Bass, 1999). Green roof waterproofing helps insulate the building rooftop so that 
internal temperatures are kept cooler in summer and warm in the winter. Green roof planting 
media and vegetation also insulates the building rooftop and reduces up to 8% of the energy 
cost needed to heat and cool the building (Dunnett and Kingsbury, 2004). 
Biodiversity is the third ecosystem service provided by green roofs (Obernofer et al., 
2007). Previous studies inventoried birds and insects on green roofs in both Europe and North 
America. European bird studies have found that birds use green roofs for foraging and nesting 
sites (Brenneisen, 2003; Gedge, 2003; Baumann, 2006) as well as a source for nest material 
(Burgess. 2004). Some of the birds observed at European sites were on the endangered species 
list (Brenneisen, 2003; Gedge, 2003). North American studies are fewer but show birds use 
roofs for similar functions (Millett, 2004; Coffman and Davis, 2005; Miller, 2008; Coffman, 2007; 
Swearingin, Pullins, Guerrant and Washburn, 2008).  
Green roofs have also been found to provide habitat for insects and spiders (Coffman 
and Davis, 2005; Kadas, 2006; Coffman, 2007; MacIvor and Lundholm, 2011; Tonietto, Fant, 
Ascher, Ellis and Larkin, 2011; Coffman and Waite, 2010; Gedge et al. 2012). These same studies 
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indicated that insect and spider diversity is largely tied to plant diversity, soil structure, and 
green roof area.  
The GRHC and others endorse a ‘build it and they will come’ approach concerning 
biodiversity and green roofs. Current recommendations also guide designers to achieve 
biodiversity outcomes by adding small features such as bird baths and rotting logs. These 
recommendations may in fact affect biodiversity on the green roof site. Although bird and 
insect presence on green roofs is evident from previous studies, little research exists on the 
relationship between bird diversity and the permanent landscape attributes of green roofs as 
well as their context.  
This study attempted to add to what is known about bird biodiversity on North 
American green roof sites. This research assessed ten Iowa roof sites for avian diversity and 
compared results with both local and contextual variables.  
Methods 
Study Sites 
A total of 24 green roofs were identified in the state of Iowa. Of these, ten green roof 
sites in Iowa were randomly selected for study, pending access (Table 1). Green roofs were first 
identified from case studies, news articles and green roof websites.  
Selection criteria included access, age, depth of the planting media, roof size and a 
surrounding context such as impervious cover and forested areas. The most important factor 
was accessibility during desired observation times. All green roofs had a similar depth of 
planting media and were classified as extensive green roofs. A range of green roof sizes and a 
variety of landscape context conditions were desired to test for responses by birds.  
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Geographically the green roofs are within five urban areas across Iowa; three in Ames, 
three in Des Moines, two in Cedar Rapids, one in Davenport, and one in Muscatine (Figure 1). 
Below is a detailed description of each roof, in addition to a map of each site (Appendix A).  
 (1) The Iowa State University (ISU) Memorial Union site (MU) is located on the ISU 
campus in Ames. This green roof was designed and installed by the Iowa State Horticulture Club 
in 2010. The green roof is not publicly accessible; however, it is visible from inside a Memorial 
Union hallway between the parking ramp and the ‘Gold Room’. Several mechanical system 
vents are located within the vegetation, which is 100% Sedum spp. 
 (2) The King Pavilion (King) is a certified LEED (Leadership in Energy and Environmental 
Design) Platinum project completed in 2009 at ISU’s College of Design. This green roof is not 
publicly accessible but visible from the northwest windows of the College of Design. The center 
of the site has a vegetated extruded center ramp with windows on three sides designed to day-
light the interior of the building. The vegetation cover at this site is only 20% of the green roof 
area due to extreme drought in 2012 and 2013. Blue grama (B. gracilis), one of twelve species 
planted, has expanded into some of the empty areas and is now the dominant species.  
(3) The State Gym green roof (State) is located on the 2011 addition of ISU’s State Gym 
Building. The green roof vegetation includes of 15 plant varieties, 10 of which are Sedum spp. 
This site is not publicly accessible but visible from some fourth story windows on the adjacent 
Eaton Hall Dormitory.  
(4) The Wesley Life Retirement Community (Wesley) green roof in Des Moines was 
developed for resident use and viewing from the main cafeteria. The site is accessible to 
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residents and guests during summer and fall. Vegetation is composed mostly of Sedum spp and 
was planted in the fall of 2012. This green roof has 100% healthy vegetative cover. 
(5) The Historic Valley Junction (Historic) green roof is located on the second story patio 
space attached to the Historic City Hall in Valley Junction. The site consists of a wooden deck 
with a picnic table where visitors can sit surrounded by green roof vegetation. This site is the 
smallest of the ten study sites. 
(6) The Des Moines Public Library (Library) is the largest and oldest green roof in Iowa. 
Construction was completed in 2006. This site is not publicly accessible but visible from the 
many office buildings that surround it. This roof contains rooftop utility structures such as vents 
and antennae used by the library. 
(7) The Methwick Retirement Community (Methwick) green roof is in Cedar Rapids and 
was designed for viewing from individual apartments. The site allows residents and guests 
access to a seating patio adjacent to the vegetation. Methwick’s green roof vegetation is 
comprised of mostly Sedum spp with a small percentage of self-seeded species. The roof was 
constructed in 2010 and also suffered severe damage from the drought of 2012-13.  
(8) The Watertower Place (Watertower) green roof is a seven story condominium 
retrofit of an old factory tower in downtown Cedar Rapids. The site is accessible only by 
residents of the building and their guests and includes several patio seating areas and wooden 
pergola structures placed in the center of the roof area. Vegetation is largely Sedum spp but 
also includes a ring of slightly deeper (6 inches) modular trays containing native prairie plant 
species such as wild onion (Allium schoenoprasum), coneflower (Echinacea spp.) and blazing 
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star (Liatris spp.). This site was constructed in 2010 and is vigorously maintained resulting in 
100% vegetation cover. Several potted trees sit among the pergolas and seating areas.  
(9) Genesis Medical Center (Genesis) green roof is located within a third story terrace 
visible from patient recovery rooms. It is located in Davenport, was installed in 2010 and is not 
accessible by the public. The site also contains rooftop mechanical structures such as vents and 
air-conditioner units that existed here previous to the green roof installation. Vegetation is 
almost entirely Sedum spp. with some wild onion (Allium schoenoprasum). This site has a built 
in irrigation system. 
(10) Pearlview Condominiums (Pearlview) green roof is located on top of a seven story 
mixed-use building located in Muscatine. This green roof was completed in 2012, and its 
vegetation is largely Sedum spp. with a number of native prairie species such as wild onion 
(Allium schoenoprasum), coneflower (Echinacea spp.) and blazing star (Liatris spp.) This roof is 
in good condition and maintains 100% cover. 
Avian Survey methods 
The ten green roof sites were surveyed five times each between 13 May 2013 and 9 
August 2013. Each survey occurred between 6 AM and 11 AM corresponding to when birds are 
most active. Each species was identified by either sight or song, often with the aid of binoculars. 
Unidentified birds were recorded as such, but not included in any subsequent analyses. The 
observation duration for each roof was dependent upon roof area, based on the methods of 
Coffman and Davis (2005). Using this approach observation durations were 30 minutes for the 
MU, Historic, Pearlview and Wesley sites, 60 minutes duration for King, State, Watertower, 
Genesis and Methwick sites, and 90 minutes duration for to the Library site.  
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Observation points were selected at each roof to minimize disruption of bird use and to 
maximize visibility of the entire green roof area. All observations were completed from a fixed 
vantage point on the green roof or from a remote point in an adjacent building. Some sites, 
specifically Pearlview and Genesis, did not allow for a remote observation point and so some 
avian disturbance may have occurred during observation periods at these two sites.  
Local Green roof site attributes 
Local green roof attributes included four types of physical characteristics of each green roof: 
height, area, enclosure, and percent vegetative cover. All local attributes except area were 
measured using onsite visual estimates. The height of each green roof was measured by 
converting the building height from stories into meters. Each green roof sat atop either a 
commercial or residential building. A mean story height of ten feet was utilized to calculate all 
green roof heights. This mean was based on typical commercial and residential story heights of 
3.66 m and 2.44 m respectively.  
Green roof area of is the total square meters (m2) of each roof site. Green roof areas 
were initially recorded from individual roof media reports, records from the roof grower, and 
construction documents. This was later confirmed with GIS (Geographic Information System, 
ArcGIS 10.1) measurements of 2012 satellite imagery. GIS is software which is designed to 
manage and analyze all forms of geographic data (ESRI, 2013). 
Enclosure of each site is a measure of green roof enclosure by surrounding, attached 
walls. The enclosure attribute investigated a simple measure of green roof isolation. A green 
roof site’s enclosure was determined by calculating the number of attached walls and their 
mean height. The sum of the height of each attached wall was divided by the number of sides 
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of the roof. Wall height was calculated using a mean story height of 3 meters. Roofs with no 
attached walls taller than the green roof were given an enclosure of 0  
Percent of vegetative cover was a measure of how much of the green roof was covered 
with living vegetation. Total green roof area was divided by a visual estimate of area with living 
vegetation, in 10% intervals (so, 0-10% vegetative cover was scored as 10%, etc.). Area not 
included in living vegetation included patches of dead vegetation, paths or walkways, utility 
features and patios.  
Contextual landscape attributes 
Contextual landscape attributes included landscape characteristics within 500 m (.5 km) of the 
center of each green roof. The total contextual area within the boundary was 78.5 ha (pi * 5002) 
for each site. The following contextual landscape attributes were included:  
1. Percent impervious cover. Percent of impervious cover is the ratio of impervious area to 
total site area Impervious surfaces within the study area included roof tops, parking lots 
and sidewalks. Impervious areas were quantified using GIS. The centroid of each roof 
was found using the centroid function. Centroids were used to establish the buffer 
radius of 500 meters. Land cover type was taken from high resolution land cover 
imagery from 2009 developed by the Iowa Department of Natural Resources. 
Impervious surfaces merged the roof and impervious classes. 
2. Percent forest reserve. Percent of forest reserve over 1 ha is the measure of any 
contiguous forested area over 1 ha within the contextual site area. This percentage is 
represented by the ratio of the area of this land cover to total area. Forest reserve areas 
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were quantified using GIS. Forest reserve calculation combined four forest land cover 
classes. The four classes were dissolved to identify all forest patches within the 
contextual site. Forest patches under 1 ha (10000 m2) were removed from total area, 
leaving those 1 ha in area or greater. 
3. Distance to running and standing water. Distance to running water and distance to 
standing water were the distance (in meters) from the centroid of the green roof to the 
nearest source of either perennial running water or standing water. In some cases these 
distances were outside the contextual study area.  
Data Analyses 
Bird richness (measuring the number of species present) and abundance (the total 
number of individuals) data were used to calculate the Shannon-Weaver Index (H’) (Shannon 
and Weaver, 1949; Magurran, 2004) as described by Coffman and Davis (2005) and Bass (2009). 
The Shannon-Weaver index is a measure of diversity that accounts for evenness and richness of 
species. A higher number indicates a rich, even mix of species whereas a low number indicates 
either few species or uneven counts. A Shannon-Weaver index of 0 indicates there is only one 
species present.  
Simple linear regressions between Shannon-Weaver index and total abundance were 
run individually with all local and contextual landscape attributes using the Data Analysis’ 
feature in MicrosoftExcel (Version 14.0.7106). Diversity values were the dependent variable 
and local and contextual attributes were the explanatory variables. Regressions were 
considered significant at P < 0.05. 
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Results 
Avian survey results 
A total of 884 birds, comprised of 15 native species and 3 non-native species, occurred 
across all study sites (Table 2). Richness (S) ranged from 1 species at the MU site to 11 species 
on both the State and Methwick sites (Table 3). Abundance varied greatly from site to site, 
ranging from 1 at the MU site to 316 at the Library site (Table 3). Of the 18 species occurring in 
this study, the Chimney Swift (Chaetura pelagica) was most abundant, occurring 192 times at 
more than half of the sites surveyed. The only species to occur once was a Baltimore Oriole 
(Icterus galbula) at the Methwick site; all other species visited a site at least twice (Table 3).  
Diversity calculated using the Shannon-Weaver index (H’) found a range of 0 at the MU site to 
1.65 at the Library site (Table 2). Mean diversity across all sites was 1.03 (H’ = 1.03, EH = 0.72).  
Local Site Results 
Regression results between local green roof attributes and biodiversity measures 
yielded one significant relationship (Table 3). A highly significant relationship (P < 0.01) was 
identified between abundance and area. No significant relationships (P > 0.05) were identified 
between abundance and local variables of height, enclosure and vegetative cover. Additionally, 
no significant relationships at the (P < 0.05) level were identified between Shannon-Weaver 
diversity with the local variables of height, area, enclosure and vegetative cover. Of interest, 
however, a significant relationship was identified between Shannon-Weaver with site area and 
Shannon-Weaver with enclosure at (P < 0.10) level. 
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Contextual Landscape Results 
Regression results between contextual attributes and biodiversity measures yielded one 
significant relationship. (Table 4). The range of impervious cover within the site context ranged 
from 36% at the Methwick site to 77% at the State Gym site. Therefore all green roof sites were 
located in either urban or suburban areas. Mean impervious cover was 59 percent.  
Only six sites were identified as containing the ‘Forest reserves over 1 ha’ variable. The 
remaining sites did not have enough contiguous cover to be measured. Within the radius of the 
six sites with ‘Forest reserves over 1 ha’, the range of cover was from 2% at the Historic City 
Hall site to 31% at the King Pavilion site. Mean ‘forest reserve over 1 hectare’ was 7%. 
The distance between the green roof site and running water varied between 65 m at the MU 
site to 1295 m at the Wesley site. Mean distance to running water was 615 m. The distance 
between green roof sites and standing water was also fairly broad ranging between 108 m at 
the MU site to 1515 m at the Library site. Mean distance to standing water was 833 m. A 
significant relationship was identified between abundance and distance to standing water (Adj. 
R2 = 0.40, P = 0.03). No significance was identified between Shannon-Weaver measures and any 
of the contextual explanatory variables. 
Discussion 
Green roof local and contextual attributes affect avian diversity in several ways. 
Regression analysis of both local and contextual attributes against biodiversity measures 
resulted in two significant relationships.  
Comparing local green roof attributes with biodiversity yielded a significant regression 
between abundance (N) and green roof size (m2). This indicates that, in terms of sheer number 
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of birds, bigger roofs contained more individuals than smaller roofs. Green roofs with greater 
area may provide more food or nest material sources, or simply be more noticeable to birds. 
Green roofs with greater area may provide more food or nest material sources, or simply be 
more noticeable to birds. This result is consistent with previous landscape ecology studies that 
found larger patches of habitat are capable of supporting greater numbers and varieties of 
organisms (Collinge, 2009). Other landscape ecology studies relative to patch dynamics suggest 
that many species require a minimum habitat size before a viable population can take hold 
(Collinge, 2009).  
Although the relationship is expected based on similar studies (Gavareski, 1976; 
Donnelly and Marzluff, 2004), the correlation was largely influenced by the extreme size and 
high bird abundance of the Library site. The Library site, in addition to being the largest and 
oldest roof, is the most diverse in terms of plant structure and plant species richness because of 
a reduced maintenance regime. The Library roof’s original vegetation has largely succumbed to 
naturalized exotic takeover spread by wind and bird dispersal. High plant richness coupled with 
the increased depth of soil, because of its intensive green roof design, has allowed the Library 
site to essentially become a meadow in the urban core. These additional factors made the 
Library roof much more appealing to birds. 
The remaining local attributes did not yield significant relationships with either 
abundance or Shannon-Weaver diversity. Although the enclosure attribute did not yield a 
strong correlation with abundance, it did yield a weak, insignificant relationship with Shannon-
Weaver diversity. At the (P < 0.10) level this relationship would be significant, but weak. In this 
study Enclosure did not have much bearing on whether a bird used a green roof patch or not. 
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This lack of correlation was surprising. Enclosure represents a measure of isolation which limits 
how a space or patch is used by birds (Collinge, 2009). Neither abundance nor Shannon-Weaver 
diversity measures yielded relationships with between percent vegetation cover or height (m). 
Both regressions indicated that the dataset may have been too small to find a suitable fit. 
Vegetative cover among the sample roofs was largely 100% because most of the green 
roofs were either brand new or well established after several successful years. Only two roofs, 
the King Pavilion roof and the Methwick roof, had low vegetative cover values (Table 3). These 
two roofs had been installed prior to several years of drought and excessive heat which caused 
vegetative cover to become sparse. Previous green roof research indicates that vegetation 
cover is essential for organisms on green roofs (Kadas, 2006; Lundholm, 2006) 
Currently many green roofs are installed as an afterthought on portions of rooftop 
which are highly visible rather than with the goal of providing a site for bird use. This is the case 
with the Methwick, Genesis hospital, Historic City Hall and Wesley sites. These sites were not 
originally designed for green roofs and so their placement is largely designed with aesthetics for 
building residents instead of diversity. 
The contextual attribute regression with a significant relationship is distance to standing 
water and abundance. These results were inconsistent with other green roof studies relative to 
the lack of water. This correlation reflects an increase in bird abundance the farther you get 
from standing water. This increased abundance of birds may be indicative of an increased 
percentage of urban exploiters in the samples farther from standing water. Standing water in 
urban areas is often hard to come by. Urban exploiters birds often do well in urban 
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environments were water is scarce. This relationship bears further investigation through 
increased bird specificity and differing levels of standing water sources. 
The remaining contextual attribute correlations, percent impervious cover and percent 
forest reserve over 1 ha, and distance to running were insignificant. This result was inconsistent 
with previous studies. The contextual attributes of percent impervious cover and percent forest 
reserve should have had some weak association according to previous research. Hepinstall, 
Alberti and Marzluff (2008) found a significant positive relationship between avian diversity and 
the amount of forest on a landscape scale. Other urban bird studies have similarly found bird 
diversity values decreasing as imperviousness increases and forest cover decreases (Emlen, 
1974; Blair, 1996; Mills, Dunnell and Bates, 1989; Marzluff and Donnelly, 2004).  
The lack of these relationships may exist for a number of reasons. Bird species on the 
green roofs were from a number of guilds which may have different requirements for survival. 
Synanthropic species usually increase in abundance in areas with fewer forest patches and 
forest birds should be less abundant in more impervious areas (Marzluff and Donnelly, 2004).  
A number of general limitations exist among the contextual attributes. The adjusted R2 
values indicate were often negative, something which often suggests the sample size was too 
small to give accurate information. Additionally, differing observation times may have given 
larger roofs greater weight in terms of bird abundance. Green roofs sites included in this study 
were located in either suburban or urban settings. A green roof in a rural area may allow a 
more defined correlation to come through. Previous research on urban bird diversity tends to 
focus at a much larger scale; perhaps the 500 m radius was either not large enough or not small 
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enough to show a relationship. The relatively small area of each green roof may not have had 
enough impact within the 500 m study radius. 
Conclusion 
Landscape architects and planners are increasingly being asked to design with ecological 
principles in mind (Collinge, 1996). The growing interest in sustainable infrastructure and design 
calls for greater integration of ecosystem services into new buildings and landscapes. While 
green roof benefits for reducing stormwater runoff and urban heat island effects are well 
documented, their role in supporting a variety of organisms is still unclear. This research 
suggests green roof area and context are important variables in providing habitat for birds. 
However, there is still much to be understood about bird use of green roofs and general 
biodiversity potential. Some important unanswered questions include:  
• Is there a minimum size of green roof required to support a certain number or species of 
birds?  
• Does enclosure affect the species or numbers of birds using a green roof site?  
• Is green roof biodiversity always affected by the context of its site, particularly as it 
relates to proximity to standing water?  
Urban biodiversity studies use landscape ecology concepts to explain or drive research 
questions. Although many ecological frameworks like patch dynamics may apply to green roofs 
on a rough basis, green roofs may also be too artificial or built to follow the same patterns. New 
environmental variables such as green roof height, orientation and enclosure create new 
barriers which need further study. The scale of the contextual study area is incredibly influential 
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on resulting data. Although birds are highly mobile and capable of traveling 500 meters easily, 
future studies may want to focus on an even narrower context radius to research if and why 
certain birds prefer certain green roofs. Additionally, a breakdown of bird species guilds by 
green roof may reveal additional relationships. Design may need to focus on specific birds.  
There are many directions which green roof design can take, especially as green roofs 
become more prolific and embraced by the public. If other cities follow Toronto’s and Chicago’s 
lead in mandating a green roof initiative, then real design and coordination between roof 
habitats and contextual green space can be achieved. Understanding and achieving maximized 
biodiversity on green roofs with specific regard to site context will make wide spread green roof 
implementation much more beneficial for both birds and humans. 
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Table 1. Green roof study site descriptive attributes including site city location, height of green roof (m), area of 
green roof (m2), percent vegetative cover (%), green roof type and the depth of the planting media (cm).  
Site Location Height (m) Area (m2) Vegetative cover (%) Type Planting Media Depth (cm) 
MU Ames 3.05 262 100 Extensive 10.8 
King Ames 7.62 2743 20 Extensive 10.2 
State Ames 6.10 2256 100 Extensive 10.2 
Wesley Des Moines 3.05 618 100 Extensive 10.8 
Historic Des Moines 3.05 99 100 Extensive 10.8 
Library Des Moines 6.10 16154 100 Extensive 10.2 
Methwick Cedar Rapids 3.05 3851 30 Extensive 10.8 
Watertower Cedar Rapids 21.34 22256 100 Extensive 10.8 
Genesis Davenport 6.10 1428 100 Extensive 10.8 
Pearlview Muscatine 21.34 634 100 Extensive 10.8 
Mean  8.08 3030 85    10.6 
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Table 2. Avian frequency of occurrence (%) across the ten roof sites and total abundance by species present in the 
observations. 
SPECIES FREQUENCY OCCURANCE (%) ADUNDANCE 
Cathartidae     
Turkey Vulture (Cathartes aura) 20 2 
Falconidae     
American Kestrel (Falco sparverius) 10 4 
Columbidae     
Rock Pigeon (Columba livia) 40 18 
Mourning Dove (Zenaida macroura) 50 17 
Apodidae     
Chimney Swift (Chaetura pelagica) 50 192 
Trochilidae     
Ruby-throated Hummingbird (Archilochus colubris) 10 16 
Alcedinidae     
Belted Kingfisher (Megaceryle alcyon) 10 1 
Corvidae     
American Crow (Corvus brachyrhynchos) 20 4 
Hirundinidae     
Barn Swallow (Hirundo rustica) 20 4 
Turdidae     
American Robin (Turdus migratorius) 40 48 
Bombycillidae     
Cedar Waxwing (Bombycilla cedrorum) 10 2 
Emberizidae     
Song Sparrow (Melospiza melodia) 10 2 
Cardinalidae     
Northern Cardinal (Cardinalis cardinalis) 10 17 
Icteridae     
Common Grackle (Quiscalus quiscula) 40 170 
Baltimore Oriole (Icterus galbula) 10 1 
Fringillidae     
House Finch (Haemorhous mexicanus) 60 36 
American Golfinch (Spinus tristis) 30 14 
Sturnidae     
European Starling (Sturnus vulgaris) 70 157 
Passeridae     
House Sparrow (Passer domesticus) 90 179 
Sum 
 
884 
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Table 3. Green roof local attributes by site including height (m), area (m2), enclosure, and vegetative cover (%) 
values alongside diversity values of Shannon-Weaver index (H’) and Abundance (N). 
Site 
Height 
(m) 
Area 
(m2) Enclosure 
Vegetative cover 
(%) 
Shannon Diversity 
(H’) 
Abundance 
(N) 
MU 3.05 262 3.75 100 0.00 1 
King 7.62 2743 0.75 20 1.31 10 
State 6.10 2256 0 100 1.31 72 
Wesley 3.05 618 1.5 100 0.45 6 
Historic 3.05 99 0.75 100 1.24 12 
Library 6.10 16154 0 100 1.65 316 
Methwick 3.05 3851 3 30 1.34 208 
Watertower 21.34 2256 0 100 1.39 161 
Genesis 6.10 1428 2 100 0.86 6 
Pearlview 21.34 634 0 100 0.74 92 
Mean 8.08 3030 1.175 85 1.03 88 
 
 
 
Table 4.  Green roof contextual attributes by site including percent imperviousness (%), forest reserve over 1 ha (%), 
distance to running water (m), distance to standing water values alongside diversity values of Shannon-Weaver 
index (H’) and Abundance (N). 
Site 
Imperviousness 
(%) 
Forest Reserve 
over 1 ha (%) 
Distance to 
running 
water (m) 
Distance 
to 
standing 
water (m) 
Shannon-Weaver 
Diversity (H’) 
Abundance 
(N) 
MU 65.70% 8.70% 65 108 0.00 1 
King 58.88% 30.89% 225 700 1.31 10 
State 77.33% 6.06% 290 360 1.31 72 
Wesley 48.11% 18.52% 1295 795 0.45 6 
Historic 58.23% 2.15% 910 400 1.24 12 
Library 65.03% 0.00% 925 1515 1.65 316 
Methwick 36.17% 6.13% 1230 857 1.34 208 
Watertower 70.58% 0.00% 215 1500 1.39 161 
Genesis 60.67% 0.00% 880 985 0.86 6 
Pearlview 54.45% 0.00% 112 1110 0.74 92 
 Mean  59.00% 7.00%  614.7   833  1.03  88 
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Table 5.   Adjusted R2 and P values of the local explanatory variables of height (m), area (m2) enclosure and 
vegetative cover (%) were run against the dependent variables of Shannon-Weaver diversity and abundance. 
 
 
 
 
Table 6. Adjusted R2 and P values of the contextual explanatory variables of percent forest reserve over 1 ha (%), 
percent Impervious cover (%), distance to running water (m) and distance to standing water (m) were run against 
the dependent variables of Shannon-Weaver (H’) diversity and abundance (N). 
Diversity Values 
Model 
Attributes   
% Forest 
Reserve over 1 
ha.   
% 
Impervious 
Cover   
Distance to 
running 
water (m)   
Distance to 
standing 
water (m) 
 
         Shannon-
Weaver Adj-R2 (P) 
 
-0.11 (0.73) 
 
-0.11 
(0.75) 
 
-0.09 (0.64) 
 
0.16 (0.14) 
 
Abundance Adj-R2 (P)  0.07 (0.23)  
-0.12 
(0.93)  -0.11 (0.76)  0.40 (0.03) 
          
Note: Bolded 
values are found to 
be significant         
 
         
 
           
Diversity Values      Model 
Attributes   Height (m)   Area (m2)       Enclosure   
Vegetative 
Cover (%) 
           Shannon-Weaver 
 
Adj-R2 (P) 
 
-0.10 (0.69) 
 
0.24 (0.84) 
 
0.29 (0.06) 
 
-0.02 (0.39) 
Abundance 
 
Adj-R2 (P) 
 
-0.08 (0.57) 
 
0.65 (<0.01) 
 
-0.04 (0.42) 
 
-0.12 (0.85) 
           Note: Bolded values 
are found to be 
significant          
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Figure 1. Green roof study site location map. This figure illustrates the location of each green roof in order of their 
description. 
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APPENDIX A.  
Informed Consent Form
 
73 
 
 
 
74 
 
 
APPENDIX B.  
Green roof insect collection data 
Table B1. Insect data for the Memorial Union green roof site displaying insect families, their abundance (N) and 
richness (S). 
Date 
 
5/15/2013 6/20/2013 6/26/2013 7/1/2013 8/2/2013 
Location 
 
MU MU MU MU MU 
Time 
 
11:35:00 10:40:00 11:50:00 12:25:00 10:30:00 
       Family Common Name Count Count Count Count Count 
Cicadellidae Leafhoppers 
  
1 
  Miridae Plant Bug 
  
3 
  Anthomyiidae Root-Maggot Fly 1 
  
1 
 Muscidae House Fly 1 2 
 
1 
 Dermestidae Skin beetles 
  
2 
  Andrenidae Mining Bees 2 
 
1 1 
 Syrphidae Hoverfly 2 1 
 
1 
 Apidae Honey Bee 
   
1 
 
       
Sum 
 
6 3 7 5 0 
Abundance (N) 21 
     Richness (S) 8 
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Table B2. Insect data for the Methwick Retirement Community green roof site displaying insect families, their 
abundance (N) and richness (S). 
Date 
 
5/13/2013 6/13/2013 6/16/2013 7/2/2013 8/2/2013 
Location 
 
Methwick Methwick Methwick Methwick Methwick 
Time 
 
11:06:00 12:00:00 12:20:00 12:10:00 12:40:00 
       Family Common Name Count Count Count Count Count 
Acrididae Leafhoppers 
  
1 1 
 Mycetophilidae Root-Maggot Fly 1 2 
   Muscidae House Flies 3 1 
   Syrphidae Hoverfly 
 
3 
   Sciaridae Fungus Gnats 
 
2 
   Vespidae Paper Wasp 
  
2 
  Apoidea Bees 
  
2 
  Andrenidae Mining Bees 
   
3 
 Tachinidae Tachina Flies 
   
1 
 Tephritidae Fruit Flies 
   
1 
 
       
Sum 
 
4 8 5 6 0 
Abundance 23 
     Richness 10 
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Table B3. Insect data for the Genesis Medical Center green roof site displaying insect families, their abundance (N) 
and richness (S). 
Date 
 
5/17/2013 6/14/2013 6/28/2013 7/6/2013 8/1/2013 
Location 
 
Genesis Genesis Genesis Genesis Genesis 
Time 
 
10:42:00 10:42:00 10:50:00 10:50:00 11:45:00 
       Family Common Name Count Count Count Count Count 
Miridae Plant Bug 
 
1 1 1 1 
Anthomyiidae Root-Maggot Fly 3 2 2 3 
 Muscidae House Flies 
 
1 
 
1 
 Sciaridae Fungus Gnats 
 
4 
   Hydropsychidae Sedge Caddisfly 
    
1 
UnID'd spider 
 
1 
    Chloropidae Frit Flies 
 
1 
   Vespidae Paper Wasp 1 
    Syrphidae Hoverfly 
   
18 
 Andrenidae Mining Bees 
   
1 
 Apidae Bees 
    
1 
       
Sum 
 
5 9 3 24 3 
Abundance 44 
     Richness 12 
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Table B4. Insect data for the King Pavilion green roof site displaying insect families, their abundance (N) and 
richness (S). 
Date 
 
5/15/2013 6/6/2013 6/17/2013 7/1/2013 7/9/2013 
Location 
 
King King King King King 
Time 
 
11:00:00 10:50:00 1:35:00 11:45:00 12:10:00 
       Family Common Name Count Count Count Count Count 
Tetragnathidae Orb Weavers 
 
1 3 2 1 
Sciaridae Fungus Gnats 13 
 
1 
 
1 
Anthomyiidae Root-Maggot Fly 1 
  
2 
 Syrphidae Hoverfly 
   
5 
 Cicadellidae Leafhoppers 
  
1 
  Miridae Plant Bug 
  
1 
  Muscidae House Flies 
   
1 
 Lycosidae Wolf Spider 
  
2 
  
       
Sum 
 
14 1 8 10 2 
Abundance 35 
     Richness 8 
      
 
 
 
 
 
 
 
78 
 
Table B5. Insect data for the State Gym green roof site displaying insect families and their abundance (N) and 
richness (S). 
Date 
 
5/15/2013 6/6/2013 6/14/2013 7/1/2013 7/12/2013 
Location 
 
State Gym  State Gym  State Gym  State Gym  State Gym  
Time 
 
1:30:00 11:00:00 11:20:00 11:55:00 11:50:00 
       Family Common name Count Count Count Count Count 
Cicadellidae Leafhoppers 
   
15 
 
Acrididae 
Short-horned 
Grasshoppers 
   
1 1 
Miridae Plant Bugs 
  
3 
 
2 
Anthomyiidae Root-Maggot Fly 
  
2 
  Mycetophilidae Fungus Gnats 
  
1 
  Drosophilidae Fruit Flies 
   
1 
 Tachinidae Tachina Flies 
 
12 13 16 
 Milichiidae Freeloader Flies 
 
15 
 
139 
 Reduviidae Assassin Bugs 
   
8 
 Apidae Honey Bee 
  
3 
  Chrysididae Jewel Wasp 
   
11 
 Syrphidae Bee Mimic Flies 
 
2 6 23 
 Calliphoridae Blow Fly 
   
1 
 Megachilidae Leafcutter Bee 
   
3 
 Chloropidae Grass Fly 
   
9 
 Carabidae Beetle 
   
2 
 Fanniidae 
   
4 
  Pentatomidae Stink Bugs 1 
    Mycetophilidae Gnat 3 
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Unidentifiable 
 
4 5 5 
  
       
Sum 
 
4 29 32 229 3 
Abundance 297 
     Richness 19 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table B5. (continued) 
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Table B6. Insect data for the Pearlview Condominiums green roof site displaying insect families and their 
abundance (N) and richness (S). 
Date 
 
5/17/2013 6/14/2013 6/28/2013 7/5/2013 8/1/2013 
Location 
 
Pearlview Pearlview Pearlview Pearlview Pearlview 
Time 
 
11:41:00 11:10:00 11:20:00 1:30:00 1:12:00 
       Family Common Name Count Count Count Count Count 
Miridae Plant Bugs 3 2 
   Sepsidae Black Scavenger Flies 3 
    Hydropsychidae Yellow Sedge Caddisfly 1 4 1 
  Unknown Spider 
 
1 
    Chloropidae Frit Fly 1 3 
   Curculionidae Weevil 2 1 
   Sphaeroceridae Lesser Dung Fly 5 1 
   Dolichopodidae Long Legged Fly 2 
    Heleomyzidae Sunfly 
 
1 
   Apidae Honey Bee 
  
4 2 2 
Megachilidae Leafcutter Bee 
  
1 
  Tachinidae Tachina Flies 
  
1 1 
 Syrphidae Bee Mimic Flies 
  
1 
 
3 
Cantharidae Soldier Beetle 
  
1 
  Andrenidae small Mining Bee 
  
1 
  Milichiidae Freeloader Flies 
   
5 3 
Reduviidae Assassin Bugs 
   
2 
 Chrysididae Jewel Wasp 
   
1 
 
       
Sum 
 
18 12 10 11 8 
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Abundance 59 
     Richness 18 
      
  
Table B6. (continued) 
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Table B7. Insect data for the Watertower Condominiums green roof site displaying insect families and their 
abundance (N) and richness (S). 
Date 
 
5/13/2013 6/13/2013 6/16/2013 7/2/2013 8/2/2013 
Location 
 
Watertower Watertower Watertower Watertower Watertower 
Time 
 
11:06:00 10:42:00 11:00:00 10:15:00 11:20:00 
       Family Common Name Count Count Count Count Count 
Miridae Plant Bugs 
  
3 1 3 
Anthomyiidae Root-Maggot Fly 
 
4 
   Mycetophilidae Fungus Gnats 3 
    Sepsidae Black Scavenger Flies 
  
1 
  Hydropsychidae Yellow Sedge Caddisfly 
  
1 
 
1 
Curculionidae Weevil 
 
1 
   Tipulidae Large Crane Fly 
  
1 
  Chrysididae Jewel Wasp 
  
1 
  Syrphidae Bee Mimic Flies 
  
1 
  Milichiidae Freeloader Flies 
  
7 
  Tachinidae Tachinid Flies 
  
1 
  Platypezidae Flat Footed Flies 
  
3 
  Chironomidae Midges 
  
6 
  Salticidae Jumping Spider 1 
 
2 
  Tenthredinidae Common Sawfly 1 
    
       Sum 
 
5 5 27 1 4 
Abundance 42 
     Richness 15 
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Table B8. Insect data for the Wesley Retirement Community green roof site displaying insect families and their 
abundance (N) and richness (S). 
Date 
 
6/5/2013 6/7/2013 6/25/2013 7/10/2013 8/9/2013 
Location 
 
Wesley Wesley Wesley Wesley Wesley 
Time 
 
11:06:00 10:10:00 12:10:00 10:35:00 10:05:00 
       Family Common Name Count Count Count Count Count 
Thomisidae Green Crab Spider 1 
    Miridae Plant Bugs 
 
1 
   Anthomyiidae Root-Maggot Fly 1 
    Mycetophilidae Fungus Gnats 3 2 
   Muscidae House Fly 1 
    Syrphidae Bee Mimic Flies 
 
1 2 
  Unidentifiable 
    
2 1 
       Sum 
 
6 4 2 2 1 
Abundance 15 
     Richness 6 
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Table B9.  Insect data for the Wesley Retirement Community green roof site displaying insect families and their 
abundance (N) and richness (S). 
Date 
 
6/5/2013 6/7/2013 6/25/2013 7/10/2013 8/9/2013 
Location 
 
Historic 
Valley 
Historic 
Valley 
Historic 
Valley 
Historic 
Valley 
Historic 
Valley 
Time 
 
11:40:00 11:41:00 12:20:00 11:35:00 10:45:00 
       
Family 
Common 
Name Count Count Count Count Count 
Mycetophilidae Fungus Gnats 
   
2 
 Formicidae Ants 
 
1 
   Fanniidae Flies 
  
2 1 
 Syrphid Hoverfly 
  
3 
  Unidentifiable 
 
1 
    
       Sum 
 
1 1 5 3 0 
Abundance 10 
     Richness 4 
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Table B10. Insect data for the Wesley Retirement Community green roof site displaying insect families and their 
abundance (N) and richness (S). 
Date 
 
5/20/2013 6/5/2013 6/7/2013 6/17/2013 6/25/2013 
Location 
 
Library Library Library Library Library 
Area Collected 
      Time 
 
11:00:00 11:41:00 11:41:00 11:35:00 10:45:00 
Family Common Name Count Count Count Count Count 
Acrididae Short-horned grasshoppers 1 4 
 
4 11 
Anthomyiidae Root-Maggot Fly 11 
    Aphididae Aphids 1 4 
 
44 
 Auchenorrhyncha Treehoppers 
 
1 
  
3 
Carabidae Beetle 
 
4 
 
3 
 Chironomidae Midge 
   
12 
 Chloropidae Grass fly 
 
11 
 
14 3 
Chrysididae Jewel Wasp 
 
6 
  
4 
Chrysomelidae Leaf Beetle 3 
    Cicadellidae Leafhoppers 
 
45 
 
59 24 
Coccinellidae Lady Beetle 
    
3 
Crabronidae Wasp 
   
1 
 Culicidae Mosquito 
   
1 
 Curculionidae Weevil 
   
2 1 
Drosophilidae 
  
4 
 
6 
 Formicidae Ant 3 
 
1 
  Halictidae Sweat Bee 
    
2 
Ichneumonidae Ichneumid Wasp 
   
5 
 Linyphiidae Tiny brown spiders 2 
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Megachilidae Leafcutter Bee 
    
1 
Milichiidae Freeloader Flies 
 
102 
 
264 
 Miridae Plant Bugs 
 
2 
   Muscidae House Fly 
    
1 
Mycetophilidae 
 
3 
    Pentatomidae Gray stink bug 1 
  
4 
 Phoridae Scuttle Flies 
  
1 
  Reduviidae Assasin bugs 
   
5 
 Sepsidae Black scavenger flies 2 
    Simuliidae 
    
1 
 Syrphidae Bee Mimic Flies 2 3 
 
1 59 
Tachinidae Tachina Flies 1 46 
 
44 22 
Thripidae Thrips 
   
139 25 
Tingidae Lace Bug 
    
1 
Sum 
 
30 232 2 609 160 
Abundance 1033 
     Richness 33 
       
  
Table B10. (continued) 
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APPENDIX C.  
Green roof bird observation data 
 
 
Table C1. Bird data for the King Pavilion green roof site displaying species and behavior. 
KING PAVILLION Gathering 
Nest 
Material 
Flyover Perching 
on Edge 
Foraging Squabb
ling 
Calli
ng 
Perching on 
Structure 
SUM 
American Robin (Turdus 
migratorius) 
0 1 0 0 0 0 0 1 
House Finch (Haemorhous 
mexicanus) 
0 3 0 0 0 0 0 3 
Purple Finch (Haemorhous 
purpureus) 
0 1 1 1 0 0 0 3 
American Crow (Corvus 
brachyrhynchos) 
0 2 1 0 0 0 0 3 
SUM 0 7 2 1 0 0 0 10 
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Table C2. Bird data for the Memorial Union green roof site displaying species and behavior. 
MU ROOF Gathering Nest 
Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
House Sparrow 
(Passer 
domesticus) 
0 1 0 0 0 0 0 1 
SUM 0 1 0 0 0 0 0 1 
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Table C3. Bird data for the State Gym green roof site displaying species and behavior. 
STATE GYM Gathering 
Nest Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
American 
Golfinch 
(Spinus tristis) 
0 2 0 0 0 0 0 2 
Mourning 
Dove (Zenaida 
macroura) 
0 1 0 0 0 0 0 1 
American 
Robin (Turdus 
migratorius) 
0 1 0 0 0 0 0 1 
Common 
Grackle 
(Quiscalus 
quiscula) 
0 1 0 0 0 0 0 1 
House Finch 
(Haemorhous 
mexicanus) 
0 5 1 1 0 0 0 7 
House Sparrow 
(Passer 
domesticus) 
0 2 2 0 0 0 0 4 
Rock Dove 
(Columba livia) 
0 3 0 0 0 0 0 3 
Purple Finch 
(Haemorhous 
purpureus) 
0 1 0 0 0 0 0 1 
Common 
Starling 
(Sturnus 
vulgaris) 
0 44 3 2 0 0 0 49 
Chimney Swift 
(Chaetura 
pelagica) 
0 3 0 0 0 0 0 3 
American 
Crow (Corvus 
brachyrhynchos) 
0 1 0 0 0 0 0 1 
SUM 0 64 6 3 0 0 0 73 
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Table C4. Bird data for the Wesley green roof site displaying species and behavior. 
WESLEY Gathering 
Nest Material 
Flyover Perching on 
Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
House Finch 
(Haemorhous 
mexicanus) 
0 0 1 0 0 0 0 1 
House 
Sparrow 
(Passer 
domesticus) 
0 4 1 0 0 0 0 5 
SUM 0 4 2 0 0 0 0 6 
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Table C5. Bird data for the Historic green roof site displaying species and behavior. 
HISTORIC Gathering 
Nest Material 
Flyover Perching on 
Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
Common 
Grackle 
(Quiscalus 
quiscula) 
0 0 2 0 0 0 0 2 
House 
Sparrow 
(Passer 
domesticus) 
0 0 1 0 0 0 0 1 
Common 
Starling 
(Sturnus 
vulgaris) 
0 5 0 0 0 0 0 5 
Chimney 
Swift 
(Chaetura 
pelagica) 
0 4 0 0 0 0 0 4 
SUM 0 9 3 0 0 0 0 12 
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Table C6. Bird data for the Library green roof site displaying species and behavior. 
LIBRARY Gathering 
Nest 
Material 
Flyover Perching on 
Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
Mourning 
Dove 
(Zenaida 
macroura) 
0 0 6 5 0 0 0 11 
American 
Robin 
(Turdus 
migratorius) 
0 4 4 25 8 0 2 43 
Common 
Grackle 
(Quiscalus 
quiscula) 
0 15 22 64 2 0 2 105 
House Finch 
(Haemorhou
s mexicanus) 
0 5 1 1 0 0 0 7 
House 
Sparrow 
(Passer 
domesticus) 
0 1 1 0 0 0 0 2 
Northern 
Cardinal 
(Cardinalis 
cardinalis) 
0 0 5 11 0 0 1 17 
Common 
Starling 
(Sturnus 
vulgaris) 
2 8 8 70 0 0 1 89 
Chimney 
Swift 
(Chaetura 
pelagica) 
0 42 0 0 0 0 0 42 
SUM 2 75 47 176 10 0 6 316 
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Table C7. Bird data for the Methwick green roof site displaying species and behavior. 
METHWICK Gathering 
Nest Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching on 
Structure 
SUM 
Song 
Sparrow 
(Melospiza 
melodia) 
0 0 0 2 0 0 0 2 
Ruby-
throated 
Hummingbir
d 
(Archilochus 
colubris) 
0 3 0 12 1 0 0 16 
Baltimore 
Oriole 
(Icterus 
galbula) 
0 1 0 0 0 0 0 1 
Barn Swallow 
(Hirundo 
rustica) 
0 2 0 1 0 0 0 3 
American 
Golfinch 
(Spinus 
tristis) 
0 9 0 2 0 0 0 11 
Mourning 
Dove 
(Zenaida 
macroura) 
0 1 0 0 0 0 0 1 
American 
Robin 
(Turdus 
migratorius) 
0 2 1 0 0 0 0 3 
House Finch 
(Haemorhous 
mexicanus) 
1 7 0 5 0 0 0 13 
House 
Sparrow 
(Passer 
domesticus) 
0 112 7 19 13 0 0 151 
Rock Dove 
(Columba 
livia) 
0 4 0 0 0 0 0 4 
Common 
Starling 
(Sturnus 
vulgaris) 
0 3 0 0 0 0 0 3 
SUM 1 144 8 41 14 0 0 208 
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Table C8. Bird data for the Watertower green roof site displaying species and behavior. 
WATERTOWER Gathering Nest 
Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
Barn Swallow 
(Hirundo rustica) 
0 1 0 0 0 0 0 1 
American Golfinch 
(Spinus tristis) 
0 1 0 0 0 0 0 1 
Mourning Dove 
(Zenaida macroura) 
0 0 3 0 0 0 0 3 
Turkey Vulture 
(Cathartes aura) 
0 1 0 0 0 0 0 1 
Common Grackle 
(Quiscalus 
quiscula) 
0 5 46 5 0 4 2 62 
House Finch 
(Haemorhous 
mexicanus) 
0 0 0 1 0 0 0 1 
House Sparrow 
(Passer 
domesticus) 
0 3 3 5 0 0 2 13 
Rock Dove 
(Columba livia) 
0 5 4 0 0 0 0 9 
Common Starling 
(Sturnus vulgaris) 
0 3 1 0 0 0 0 4 
Chimney Swift 
(Chaetura pelagica) 
0 66 0 0 0 0 0 66 
SUM 0 85 57 11 0 4 4 161 
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Table C9. Bird data for the Genesis green roof site displaying species and behavior. 
GENESIS Gathering 
Nest Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
Cedar Waxwing 
(Bombycilla 
cedrorum) 
0 2 0 0 0 0 0 2 
House Sparrow 
(Passer 
domesticus) 
0 1 0 0 0 0 0 1 
Common Starling 
(Sturnus 
vulgaris) 
0 2 1 0 0 0 0 3 
SUM 0 5 1 0 0 0 0 6 
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Table C10. Bird data for the Pearlview green roof site displaying species and behavior. 
PEARLVIEW Gathering 
Nest Material 
Flyover Perching 
on Edge 
Foraging Squabbling Calling Perching 
on 
Structure 
SUM 
Mourning Dove 
(Zenaida 
macroura) 
0 0 1 0 0 0 0 1 
Turkey Vulture 
(Cathartes aura) 
0 1 0 0 0 0 0 1 
House Sparrow 
(Passer 
domesticus) 
0 1 0 0 0 0 0 1 
Rock Dove 
(Columba livia) 
0 2 0 0 0 0 0 2 
Unidentified 
Finches 
0 2 0 0 0 0 0 2 
Common Starling 
(Sturnus vulgaris) 
1 3 0 0 0 0 0 4 
Chimney Swift 
(Chaetura 
pelagica) 
0 77 0 0 0 0 0 77 
American Kestrel 
(Falco sparverius) 
0 0 4 0 0 0 0 4 
SUM 1 86 5 0 0 0 0 92 
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APPENDIX D.  
Green roof aerials 
Figure D1. Iowa State University’s Memorial Union green roof.  This figure illustrates the 
shape of this green roof site and its content. 
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Figure D2. Iowa State University’s King Pavilion green roof.  This figure illustrates the shape of 
this green roof site and its content. 
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Figure D3. Iowa State University’s State Gym green roof.  This figure illustrates the shape of 
this green roof site and its content. 
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Figure D4. Wesley Life retirement community green roof.  This figure illustrates the shape of 
this green roof site and its content. 
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Figure D5. Historic City Hall green roof.  This figure illustrates the shape of this green roof site 
and its content. 
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Figure D6. Des Moines public library green roof.  This figure illustrates the shape of this green 
roof site and its content. 
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Figure D7. Methwick retirement community green roof.  This figure illustrates the shape of 
this green roof site and its context. 
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Figure D8. Watertower condominiums green roof.  This figure illustrates the shape of this 
green roof site and its context. 
 
105 
 
 
 
Figure D9. Genesis hospital green roof.  This figure illustrates the shape of this green roof site 
and its context. 
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Figure D10. Pearlview condominiums green roof.  This figure illustrates the shape of this green 
roof site and its context. 
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Figure E1. Memorial Union context attribute map. This figure illustrates pervious surfaces and forest 
reserve patches within 500 meters of the study site. 
 
APPENDIX E.  
Green Roof Site Context Maps 
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Figure E2. King Pavilion context attribute map. This figure illustrates pervious surfaces and forest reserve 
patches within 500 meters of the study site. 
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Figure E3. State Gym context attribute map. This figure illustrates pervious surfaces and forest reserve 
patches within 500 meters of the study site. 
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Figure E4. Wesley Retirement Community context attribute map. This figure illustrates pervious surfaces 
and forest reserve patches within 500 meters of the study site. 
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Figure E6. Historic City Hall context attribute map. This figure illustrates pervious surfaces and forest 
reserve patches within 500 meters of the study site. 
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Figure E6. Des Moines Public Library context attribute map. This figure illustrates pervious surfaces and 
forest reserve patches within 500 meters of the study site. 
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Figure E7. Watertower Condominium context attribute map. This figure illustrates pervious surfaces and 
forest reserve patches within 500 meters of the study site. 
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Figure E8. Methwick Retirement Community context attribute map. This figure illustrates pervious 
surfaces and forest reserve patches within 500 meters of the study site. 
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Figure E9. Genesis Medical Center context attribute map. This figure illustrates pervious surfaces and 
forest reserve patches within 500 meters of the study site. 
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Figure E10. Pearlview Condominium context attribute map. This figure illustrates pervious surfaces and 
forest reserve patches within 500 meters of the study site. 
 
